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(54) ADAMTS polypeptides, nucleic acids encoding them, and uses therof 



(57) The present invention relates to a member of 
the family of proteins known as ADAMTS proteins, the 
new member being designated ADAMTS-M. The inven- 
tion also relates to polynucleotides encoding ADAMTS- 



M, antibodies to ADAMTS-M, assays for studying the 
function of ADAMTS-M, assays for determining ago- 
nists or antagonists of ADAMTS-M, and to the use of 
ADAMTS-M polypeptides or polynucleotides in diag- 
nostic, biotherapeutic, or gene therapy methods. 



Figure 3 

Domain structure of ADAMTS-M and translated nucleic acid sequence. A) Diagram of ADAMTS-M showing 
the following domains and signature motifs (with amino acid numbers in parentheses): partial prodomain (l -97), 
furin cleavage site (94-97), metal loproteinase domain (98-31 1), zinc-binding motif (247-272), disintegrin domain 
(324-394), thiombospondin submotifs (410-473 and 1099-1 156), and a heparin-bindihg motif (419-424). B) 
ADAMTS-M nucleotide sequence with translated amino acid sequence above. 
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Description 

Field of Invention 

[0001] The present invention relates to a member of 
the family of proteins known as ADAMTS. 

Background Of The Invention 

[0002] ADAMTS proteins exhibit characteristics of the 
ADAM (A Disintegrin And Metalloprotease) family of 
metalloproteases, and in addition contain a throm- 
bospondin domain (TS). The prototypic ADAMTS was 
identified in mouse, found to be expressed in heart and 
kidney and upregulated by proinflammatory stimuli (K. 
Kuno et al., Molecular cloning of a gene encoding a new 
type of metalloproteinase-disintegrin family protein with 
thrombospondin motifs as a inflammation associated 
gene, 272 Journal of Biological Chemistry 556 {January 
1 997). To date nine members are recognized by the HU- 
GO database (http:/Avww. gene. ucl.ac.uk/users/hester/ 
adamts. ). Members of this family have the ability to de- 
grade aggrecan, a high molecular weight proteoglycan 
which provides cartilage with important mechanical 
properties and which is lost during the development of 
arthritis. 

[0003] Aggrecanase activity has been demonstrated 
for several ADAMTS proteins (See, e.g., M .D. Tortorella, 
Purification and cloning of aggrecanase- 1: a member of 
the ADAMTS family of proteins, 284 Science 1 664 (June 
1999); I. Abbaszade, Cloning and characterization of 
ADAMTS 1 1, an aggrecanase from the ADAMTS family, 
274 Journal of Biological Chemistry 23443 (August 
1999)). In addition to aggrecanase activity, ADAMTS-4 
was shown to cleave another proteoglycan, brevican, 
found predominately expressed in the centra! nervous 
system (Matthews et al., Brain-enriched hyaluronan 
binding (BEHAB)/Brevican cleavage in a glioma cell line 
is mediated by a disintegrin and metalloproteinase with 
thromospondin motifs (ADAMTS) family member, 275 
Journal of Biological Chemistry 22695 (July 2000)). This 
activity was speculated to play a role in the invasiveness 
of glioma. Additional activities of ADAMTS-4 are pro- 
posed as its expression was induced in rat astrocytes 
treated with beta-amyloid, suggesting a role in Alzheim- 
er^ disease (Satoh et al. , ADAMTS-4 is transcriptionally 
induced in beta-amyloid treated rat astrocytes, 289 Neu- 
roscience Letters 177 (2000)). Other ADAMTS proteins 
are reported to exhibit antiangiogenic (See, e.g. F. 
Vazquez et al., METH-1, A human ortholog of ADAMTS- 
1, and METH-2 are members of a new family of proteins 
with Angio-inhibitory activity, 274 Journal of Biological 
Chemistry 23349 (August 1999)) and/or procollagen 
processing activities (A. Colige et al., cDNA cloning and 
expression of bovine procollagen I N-proteinase: a new 
member of the superfamily of zinc-metalloproteinase 
with binding sites for cells and other matrix components, 
94 Proceedings of the National Academy of Sciences of 



the United States of America 2374 (March 1997)). Ad- 
ditional roles for ADAMTS- 1 in fertility and organ devel- 
opment, particularly with respect to the urogenital sys- 
tem, were implicated by gene knockout experiments in 
5 mice (Shindo et al, , ADAMTS- 1: a metalloprotease-dis- 
integrin essential for normal growth, fertility, and organ 
morphology and function, 105 Journal of Clinical Inves- 
tigation 1345 (May 2000)). 

[0004] ADAMTS proteins and ADAMTS protein ago- 
io nists and antagonists have important therapeutic uses, 
including treatment of arthritis (osteoarthritis and rheu- 
matoid arthritis), inflammatory bowel disease, Crohn's 
disease, emphysema, acute respiratory distress syn- 
drome, asthma, chronic obstructive pulmonary disease, 
15 Alzheimer's disease, organ transplant toxicity and rejec- 
tion, cachexia, allergy, cancer (such as solid tumor can- 
cer including colon, breast, lung, prostate, brain and he- 
matopoietic malignancies including leukemia and lym- 
phoma), tissue ulcerations, restenosis, periodontal dis- 
20 ease, epidermolysis bullosa, osteoporosis, loosening of 
artificial joints implants, atherosclerosis (including 
atherosclerotic plaque rupture), aortic aneurysm (in- 
cluding abdominal aortic and brain aortic aneurysm), 
congestive heart failure, myocardial infarction, stroke, 
25 cerebral ischemia, head trauma, spinal cord injury, neu- 
rodegenerative diseases (acute and chronic), autoim- 
mune disorders, Huntington's disease, Parkinson's dis- 
ease, migraine, depression, peripheral neuropathy, 
pain, cerebral amyloid angiopathy, nootropic or cogni- 
30 tion enhancement, amyotrophic lateral sclerosis, multi- 
ple sclerosis, ocular angiogenesis, corneal injury, mac- 
ular degeneration, abnormal wound healing, burns, di- 
abetic shock, infertility and other diseases characterized 
by metalloproteinase activity and/or characterized by 
35 mammalian adamalysin activity. 

Summary Of The Invention 

[0005] This invention relates to a novel ADAMTS pro- 
40 tein, designated ADAMTS-M, and to related polynucle- 
otides and polypeptides. The invention also relates to 
production of the protein and polypeptides and to related 
assays. The invention further relates to methods for 
identifying substrates of the protein, for identifying inhib- 
4 5 itors or activators of the protein, and to the use of the 
polypeptides or polynucleotides of the invention in diag- 
nostic, biotherapeutic, and gene therapy methods. 
[0006] In particular, the invention relates to an isolat- 
ed polynucleotide molecule comprising a nucleotide se- 
50 quence selected from the group consisting of: 

(a) a nucleotide sequence having at least 80% iden- 
tity to a nucleotide sequence encoding ADAMTS-M 
polypeptide of SEQ ID NO: 2, or a metalloprotein- 

55 ase, disintegrin domain, prodomain, or throm- 
bospondin (TSP) submotif, thereof; 

(b) a nucleotide sequence of at least 15 contiguous 
nucleotides that hybridizes under stringent condi- 
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tions to the polynucleotide molecule of SEQ ID NO: 
1; and 

(c) the complement of the nucleotide sequence of 
(a) or (b). 

[0007] Such an isolated polynucleotide molecule, 
can, for example, comprise DNA or RNA. 
[0008] In one embodiment, the nucleotide sequence 
is at least 80% identical to SEQ ID NO: 1 or the metal- 
loproteinase or disintegrin domain, prodomain, or 
thrombospondin submotif encoding sequences thereof. 
In another embodiment the nucleotide sequence is the 
ADAMTS-M polypeptide encoding sequence of SEQ ID 
NO: 1 or the metalloproteinase or disintegrin domain, 
prodomain, or thrombospondin submotif encoding se- 
quences thereof. 

[0009] In a further embodiment, the nucleotide se- 
quence encodes amino acids 98-1 1 56 of SEQ ID NO. 2. 
[0010] In a further embodiment, the invention relates 
to a polypeptide encoded by the isolated polynucleotide 
molecule of the invention. For example, the polypeptide 
of the invention can comprise an amino acid sequence 
which is at least 80% identical to SEQ ID NO: 2 or the 
metalloproteinase or disintegrin domains, or prodomain, 
thereof, or an amino acid sequence of at least about 1 0 
contiguous amino acids of ADAMTS-M. In a preferred 
embodiment, the polypeptide comprises SEQ ID NO: 2 
or the metalloproteinase or disintegrin domains, or pro- 
domain, thereof. 

[0011] In another aspect, the invention relates to an 
expression system comprising an isolated polynucle- 
otide molecule of the invention. In one embodiment, the 
expression system is capable of producing an AD- 
AMTS-M polypeptide that comprises an amino acid se- 
quence that has at least 80% identity with a polypeptide 
of SEQ ID NO: 2, when said expression system is 
present in a compatible host cell. In one embodiment of 
this aspect of the invention, the expression system is 
capable of producing an ADAMTS-M polypeptide en- 
coded by a polynucleotide of the invention. 
[0012] In another aspect, the invention relates to a 
host cell that comprises the expression system of the 
invention. 

[0013] In another aspect, the invention relates to a 
process for producing an ADAMTS-M polypeptide that 
comprises culturing a host cell of the invention under 
conditions sufficient for production of the polypeptide, 
and recovering the polypeptide from cell culture. 
[0014] In another aspect, the invention relates to a 
process for producing a cell which produces an AD- 
AMTS-M polypeptide comprising transforming or trans- 
fecting a host cell with an expression system of the in- 
vention such that the host cell, under appropriate culture 
conditions produces the ADAMTS-M polypeptide. 
[0015] In another aspect, the invention relates to an 
antibody that is immunospecific for an ADAMTS-M 
polypeptide of the invention. The invention also relates 
to antagonists, agonists, and substrates of the polypep- 



tide of the invention. 

[0016] In a further aspect, the invention relates to a 
method for treating a subject in need of altering activity 
or expression of ADAMTS-M comprising administering 

5 to the subject a therapeutically effective amount of an 
agonist or antagonist of ADAMTS-M. 
[0017] In another aspect, the invention relates to a 
method for treating a subject in need of altering activity 
or expression of ADAMTS-M comprising administering 

10 to the subject a polynucleotide of the invention in order 
to alter said activity or expression. The invention also 
relates to a method for treating a subject in need of al- 
tering activity or expression of ADAMTS-M comprising 
administering to the subject a therapeutically effective 

15 amount of a polypeptide that competes with ADAMTS- 
M for its ligand, substrate, or receptor. 
[0018] The invention also relates to a process for di- 
agnosing a disease or a susceptibility to a disease in a 
subject related to expression or activity of ADAMTS-M 

20 in a subject comprising determining presence or ab- 
sence of a mutation in a nucleotide sequence encoding 
ADAMTS-M in the genome of the subject. Alternately, 
the invention relates to a process for diagnosing a dis- 
ease or a susceptibility to a disease in a subject related 

25 to expression or activity of ADAMTS-M in a subject com- 
prising analyzing for presence or amount of ADAMTS- 
M expression in a sample derived from the subject. 
[0019] In another aspect, the invention relates to a 
method for identifying compounds which agonize, an- 

30 tagonize, or bind to ADAMTS-M, comprising: 

(a) contacting a candidate compound with cells ex- 
pressing a polypeptide of the invention, or with cell 
membranes from cells expressing the polypeptide, 

35 or the media conditioned by cells expressing the 
polypeptide, or a purified composition of the 
polypeptide; and 

(b) determining inhibition or stimulation of an AD- 
AMTS-M activity, or binding of the candidate com- 

40 pound to the polypeptide. 

[0020] The invention also relates to a method for de- 
tecting a polynucleotide encoding ADAMTS-M in a bio- 
logical sample containing nucleic acid material compris- 
es ing: 

(a) hybridizing an isolated polynucleotide of the in- 
vention that is specific to ADAMTS-M to the nucleic 
acid material of the biological sample, thereby form- 
so ing a hybridization complex; and 

(b) detecting the hybridization complex, wherein 
presence of the hybridization complex correlates 
with the presence of the polynucleotide encoding 
ADAMTS-M in the biological sample. 

55 

[0021] In a further embodiment, the invention relates 
to a method for identifying a substrate for ADAMTS-M 
comprising contacting a polypeptide comprising an en- 
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zymatically active polypeptide of the invention with a 
candidate substrate and determining either conversion 
of substrate to product or binding of the polypeptide to 
the substrate. 

[0022] The invention also relates to a method for treat- 
ing arthritis (osteoarthritis and rheumatoid arthritis), in- 
flammatory bowel disease, Crohn's disease, emphyse- 
ma, acute respiratory distress syndrome, asthma, 
chronic obstructive pulmonary disease, Alzheimer's dis- 
ease, organ transplant toxicity and rejection, cachexia, 
allergy, cancer (such as solid tumor cancer including co- 
lon, breast, lung, prostate, brain, and hematopoietic ma- 
lignancies including leukemia and lymphoma), tissue ul- 
cerations, restenosis, periodontal disease, epidermoly- 
sis bullosa, osteoporosis, loosening of artificial joints im- 
plants, atherosclerosis (including atherosclerotic plaque 
rupture), aortic aneurysm (including abdominal aortic 
and brain aortic aneurysm), congestive heart failure, 
myocardial infarction, stroke, cerebral ischemia, head 
trauma, spinal cord injury, neurodegenerative diseases 
(acute and chronic), autoimmune disorders, Hunting- 
ton's disease, Parkinson's disease, migraine, depres- 
sion, peripheral neuropathy, pain, cerebral amyloid an- 
giopathy, nootropic or cognition enhancement, amyo- 
trophic lateral sclerosis, multiple sclerosis, ocular ang- 
iogenesis, corneal injury, macular degeneration, abnor- 
mal wound healing, burns, infertility, or diabetic shock 
comprising administering a therapeutically effective 
amount of an agonist or antagonist of ADAMTS-M in 
combination with a pharmaceutical^ acceptable carrier. 
[0023] The invention also relates to a method for treat- 
ing arthritis (osteoarthritis and rheumatoid arthritis), in- 
flammatory bowel disease, Crohn's disease, emphyse- 
ma, acute respiratory distress syndrome, asthma, 
chronic obstructive pulmonary disease, Alzheimer's dis- 
ease, organ transplant toxicity and rejection, cachexia, 
allergy, cancer (such as solid tumor cancer including co- 
lon, breast, lung, prostate, brain, and hematopoietic ma- 
lignancies including leukemia and lymphoma), tissue ul- 
cerations, restenosis, periodontal disease, epidermoly- 
sis bullosa, osteoporosis, loosening of artificial joints im- 
plants, atherosclerosis (including atherosclerotic plaque 
rupture), aortic aneurysm (including abdominal aortic 
and brain aortic aneurysm), congestive heart failure, 
myocardial infarction, stroke, cerebral ischemia, head 
trauma, spinal cord injury, neurodegenerative diseases 
(acute and chronic), autoimmune disorders, Hunting- 
ton's disease, Parkinson's disease, migraine, depres- 
sion, peripheral neuropathy, pain, cerebral amyloid an- 
giopathy, nootropic or cognition enhancement, amyo- 
trophic lateral sclerosis, multiple sclerosis, ocular ang- 
iogenesis, corneal injury, macular degeneration, abnor- 
mal wound healing, burns, infertility, or diabetic shock 
comprising administering a polypeptide of the invention 
in combination with a pharmaceutical^ acceptable car- 
rier. 

[0024] The invention also relates to a method for treat- 
ing arthritis (osteoarthritis and rheumatoid arthritis), in- 



flammatory bowel disease, Crohn's disease, emphyse- 
ma, acute respiratory distress syndrome, asthma, 
chronic obstructive pulmonary disease, Alzheimer's dis- 
ease, organ transplant toxicity and rejection, cachexia, 

5 allergy, cancer (such as solid tumorcancer including co- 
lon, breast, lung, prostate, brain, and hematopoietic ma- 
lignancies including leukemia and lymphoma), tissue ul- 
cerations, restenosis, periodontal disease, epidermoly- 
sis bullosa, osteoporosis, loosening of artificial joints im- 

10 plants, atherosclerosis (including atherosclerotic plaque 
rupture), aortic aneurysm (including abdominal aortic 
and brain aortic aneurysm), congestive heart failure, 
myocardial infarction, stroke, cerebral ischemia, head 
trauma, spinal cord injury, neurodegenerative diseases 

'5 (acute and chronic), autoimmune disorders, Hunting- 
ton's disease, Parkinson's disease, migraine, depres- 
sion, peripheral neuropathy, pain, cerebral amyloid an- 
giopathy, nootropic or cognition enhancement, amyo- 
trophic lateral sclerosis, multiple sclerosis, ocular ang- 

20 iogenesis, corneal injury, macular degeneration, abnor- 
mal wound healing, bums, infertility, or diabetic shock 
comprising administering a polynucleotide of the inven- 
tion in combination with a pharmaceutically acceptable 
carrier. 

25 [0025] The invention further relates to a pharmaceu- 
tical composition for the treatment of arthritis (osteoar- 
thritis and rheumatoid arthritis), inflammatory bowel dis- 
ease, Crohn's disease, emphysema, acute respiratory 
distress syndrome, asthma, chronic. obstructive pulmo- 

30 nary disease, Alzheimer's disease, organ transplant 
toxicity and rejection, cachexia, allergy, cancer (such as 
solid tumor cancer including colon, breast, lung, pros- 
tate, brain, and hematopoietic malignancies including 
leukemia and lymphoma), tissue ulcerations, resteno- 

35 sis, periodontal disease, epidermolysis bullosa, oste- 
oporosis, loosening of artificial joints implants, athero- 
sclerosis (including atherosclerotic plaque rupture), aor- 
tic aneurysm (including abdominal aortic and brain aor- 
tic aneurysm), congestive heart failure, myocardial inf- 

40 arction, stroke, cerebral ischemia, head trauma, spinal 
cord injury, neurodegenerative diseases (acute and 
chronic), autoimmune disorders, Huntington's disease, 
Parkinson's disease, migraine, depression, peripheral 
neuropathy, pain, cerebral amyloid angiopathy, nootrop- 

45 jc or cognition enhancement, amyotrophic lateral scle- 
rosis, multiple sclerosis, ocular angiogenesis, corneal 
injury, macular degeneration, abnormal wound healing, 
burns, infertility, or diabetic shock comprising a thera- 
peutically effective amount of an agonist or antagonist, 

50 of ADAMTS-M in combination with a pharmaceutically 
acceptable carrier. 

[0026] The Invention also relates to a pharmaceutical 
composition for the treatment of arthritis (osteoarthritis 
and rheumatoid arthritis), inflammatory bowel disease, 
55 Crohn's disease, emphysema, acute respiratory dis- 
tress syndrome, asthma, chronic obstructive pulmonary 
disease, Alzheimer's disease, organ transplant toxicity 
and rejection, cachexia, allergy, cancer (such as solid 
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tumor cancer including colon, breast, lung, prostate, 
brain, and hematopoietic malignancies including leuke- 
mia and lymphoma), tissue ulcerations, restenosis, per- 
iodontal disease, epidermolysis bullosa, osteoporosis, 
loosening of artificial joints implants, atherosclerosis (in- 
cluding atherosclerotic plaque rupture), aortic aneurysm 
(including abdominal aortic and brain aortic aneurysm), 
congestive heart failure, myocardial infarction, stroke, 
cerebral ischemia, head trauma, spinal cord injury, neu- 
rodegenerative diseases (acute and chronic), autoim- 
mune disorders, Huntington's disease, Parkinson's dis- 
ease, migraine, depression, peripheral neuropathy, 
pain, cerebral amyloid angiopathy, nootropic or cogni- 
tion enhancement, amyotrophic lateral sclerosis, multi- 
ple sclerosis, ocular angiogenesis, corneal injury, mac- 
ular degeneration, abnormal wound healing, burns, in- 
fertility, or diabetic shock comprising a polypeptide of the 
invention in combination with a pharmaceutical^ ac- 
ceptable carrier. 

[0027] The invention also relates to a pharmaceutical 
composition for the treatment of arthritis (osteoarthritis 
and rheumatoid arthritis), inflammatory bowel disease, 
Crohn's disease, emphysema, acute respiratory dis- 
tress syndrome, asthma, chronic obstructive pulmonary 
disease, Alzheimer's disease, organ transplant toxicity 
and rejection, cachexia, allergy, cancer (such as solid 
tumor cancer including colon, breast, lung, prostate, 
brain, and hematopoietic malignancies including leuke- 
mia and lymphoma), tissue ulcerations, restenosis, per- 
iodontal disease, epidermolysis bullosa, osteoporosis, 
loosening of artificial joints implants, atherosclerosis (in- 
cluding atherosclerotic plaque rupture), aortic aneurysm 
(including abdominal aortic and brain aortic aneurysm), 
congestive heart failure, myocardial infarction, stroke, 
cerebral ischemia, head trauma, spinal cord injury, neu- 
rodegenerative diseases (acute and chronic), autoim- 
mune disorders, Huntington's disease, Parkinson's dis- 
ease, migraine, depression, peripheral neuropathy, 
pain, cerebral amyloid angiopathy, nootropic or cogni- 
tion enhancement, amyotrophic lateral sclerosis, multi- 
ple sclerosis, ocular angiogenesis, corneal injury, mac- 
ular degeneration, abnormal wound healing, burns, in- 
fertility, or diabetic shock comprising a polynucleotide of 
the invention in combination with a pharmaceutical^ ac- 
ceptable carrier. 

Brief Description Of The Drawings 
[0028] 

FIG. 1 shows the partial polynucleotide sequence 
of ADAMTS-M [SEQ ID NO:1]. 
FIG. 2 shows the partial polypeptide sequence of 
ADAMTS-M [SEQ ID NO:2]. 
FIG . 3 shows domains of the AD AMTS family of pro- 
teins, and the sequences that correspond to those 
domains within the partial ADAMTS-M polypeptide. 
FIG. 4 shows homology within the metalloprotease 



domain of the ADAMTS-M polypeptide sequence 
("M1-MPD U ) with those of other ADAMTS proteins. 

Detailed Description Of The Invention 

5 

[0029] We have found the polynucleotide encoding 
the ADAMTS-M protein in cDNA prepared from the 
chondrocytes of osteoarthritic cartilage as well as in cD- 
NA libraries prepared from human liver. 

w 

Definitions 

[0030] The following definitions are provided to facil- 
itate understanding of terms used herein. 

f5 [0031] "Antibodies" as used herein includes polyclo- 
nal and monoclonal antibodies, chimeric, single chain, 
and humanized antibodies, as well as Fab fragments, 
including the products of a Fab or other immunoglobulin 
expression library. 

20 [0032] "Polynucleotide" generally refers to any polyr- 
ibonucleotide or polydeoxribonucleotide, which may be 
unmodified RNA or DNA or modified RNA or DNA. 
"Polynucleotides" include, without limitation, single- and 
double-stranded DNA, DNA that is a mixture of single- 

25 and double-stranded regions, single- and double- 
stranded RNA, and RNA that is a mixture of single- and 
.double-stranded regions, hybrid molecules comprising 
DNA and RNA that may be single-stranded or, more typ- 
ically, double-stranded or a mixture of single- and dou- 

30 ble-stranded regions. In addition, "polynucleotide" re- 
fers to triple-stranded regions comprising RNA or DNA 
or both RNA and DNA. The term "polynucleotide" also 
includes DNAs or RNAs containing one or more modi- 
fied bases and DNAs or RNAs with backbones modified 

35 for stability or for other reasons. "Modified" bases in- 
clude, for example tritylated bases and unusual bases 
such- as inosine. A variety of modifications have been 
made to DNA and RNA; thus, "polynucleotide" embrac- 
es chemically, enzymatically or metabolically modified 

40 forms of polynucleotides as typically found in nature, as 
well as the chemical forms of DNA and RNA character- 
istic of viruses and cells. "Polynucleotide" also embrac- 
es relatively short polynucleotides, often referred to as 
oligonucleotides. 

45 [0033] "Polypeptide" refers to any peptide or protein 
comprising two or more amino acids joined to each other 
by peptide bonds or modified peptide bonds, i.e., pep- 
tide isosteres. "Polypeptide" refers to both short chains, 
commonly referred to as peptides, oligopeptides oroli- 

50 gomers, and to longer chains, generally referred to as 
proteins. "Polypeptides" may contain amino acids other 
than the 20 gene-encoded amino acids. "Polypeptides" 
include amino acid sequences modified either by natural 
processes, such as posttranslational processing, or by 

55 chemical modification techniques which are well known 
in the art. Such modifications are well described in basic 
texts and in more detailed monographs, as well as in 
research literature. Modifications can occur anywhere 
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in a polypeptide, including the peptide backbone, the 
amino acid side-chains and the amino or carboxyl ter- 
mini. It will be appreciated that the same type of modi- 
fication may be present in the same or varying degrees 
at several sites in a given polypeptide. Also, a given s 
polypeptide may contain many types of modifications. 
Polypeptides may be branched as a result of ubiquina- 
tion, and they may be cyclic, with or without branching. 
Cyclic, branched and branched cyclic polypeptides may 
result from posttranslational natural processes or may 10 
be made by synthetic methods. Modifications include 
acetylation, acylation, ADP-ribosylation, amidation, 
covalent attachment of flavin, covalent attachment of a 
heme moiety, covalent attachment of phosphotidylinosi- 
tol, crosslinking, cyclization, disulfide bond formation, '5 
demethylatlon, formation of covalent cross-links, forma- 
tion of cystine, formation of pyroglutamate, formylation, 
gamma-carboxylation, glycosylation, GPl anchor for- 
mation, hydroxylation, iodination, methylation, myris- 
toylation, oxidation, proteolytic processing, phosphor- 20 
ylation, prenylation, racemization, selenoylation, sulfa- 
tion, transfer-RNA mediated addition of amino acids to 
proteins such as arginylation, and ubiquitination. See, 
for Instance, Proteins - structure and molecular proper- 
ties, 2nd Ed., T.E. Creighton, W.H. Freeman and Com- 25 
pany, New York, 1993; F. Wold, Posttranslational protein 
modifications: perspectives and prospects, pgs. 1 -1 2 in 
Posttranslational covalent modification of proteins, B.C. 
Johnson, Ed., Academic Press, New York, 1983; S. 
Seifter and S. Englard, Analysis for protein modifica- 30 
tions and nonprotein cofactors, 182 Methods of Enzy- 
mology 626 (1990); S.I. Rattan et al., Protein synthesis, 
posttranslational modifications, and aging, 663 Ann NY 
Acad Sci 48 (1992). 

[0034] "Variant" as the term is used herein, is a poly- 35 
nucleotide or polypeptide that differs from a reference 
polynucleotide or polypeptide respectively, but retains 
essential properties. A typical variant of a polynucleotide 
differs in nucleotide sequence from another, reference 
polynucleotide. Changes in the nucleotide sequence of *o 
the variant may or may not alter the amino acid se- 
quence of a polypeptide encoded by the reference poly- 
nucleotide. Nucleotide changes may result in amino ac- 
id substitutions, additions, deletions, fusions and trun- 
cations in the polypeptide encoded by the reference se- 4 s 
quence, as discussed below. A typical variant of a 
polypeptide differs in amino acid sequence from anoth- 
er, reference polypeptide. Generally, differences are 
limited so that the sequences of the reference polypep- 
tide and the variant are closely similar overall and, in so 
many regions, identical. A variant and reference 
polypeptide may differ in amino acid sequence by one 
or more substitutions, additions and/or deletions in any 
combination. A substituted or inserted amino acid resi- 
due may or may not be one encoded by the genetic 55 
code. A variant of a polynucleotide or a polypeptide may 
be naturally occurring such as an allelic variant, or it may 
be a variant that is not known to occur naturally. Non- 



naturally occurring variants of polynucleotides and 
polypeptides may be made by mutagenesis techniques 
or by direct synthesis. 

[0035] "Identity" is a measure of the identity of nucle- 
otide sequences or amino acid sequences. In general, 
the sequences are aligned so that the highest order 
match is obtained. "Identity" per se has an art-recog- 
nized meaning and can be calculated using published 
techniques. See, for example, Computational molecular 
biology A.M. Lesk, ed., Oxford University Press, New 
York, 1988; Biocomputing: informatics and genome 
projects, D.W. Smith, ed., Academic Press, New York, 
1 993; Computer analysis of sequence data, part 1, A. 
M. Griffin, and H.G. Griffin, eds., Humana Press, New 
Jersey, 1994; Sequence analysis in molecular biology, 
G. von Heinje, ed., Academic Press, 1987; and Se- 
quence analysis primer, M. Gribskov and J. Devereux, 
eds., M Stockton Press, New York, 1991. While there 
exist a number of methods to measure identity between 
two polynucleotide or polypeptide sequences, the term 
"identity" is well known to skilled artisans. Methods to 
determine identity and similarity are codified in compu- 
ter programs. Preferred computer program methods to 
determine identity and similarity between two sequenc- 
es include, but are not limited to, GCS program pack- 
age; J. Devereux, et al., A comprehensive set of se- 
quence analysis programs for the VAX, 12(1) Nucleic 
Acids Research 387 (January 1984); BLASTP; 
BLASTN; FASTA; S.F. Altschul et al., Basic local align- 
ment search tool, 215(3) Journal of Molecular Biology 
403 (October 1990). Among the methods stated above 
to determine identity, the preferred method is BLASTP. 
[0036] As an illustration, by a polynucleotide having a 
nucleotide sequence having at least, for example, 95% 
"identity" to a reference nucleotide sequence of FIG. 1 , 
it is intended that the nucleotide sequence of the poly- 
nucleotide is identical to the reference sequence except 
that the polynucleotide sequence may include up to five 
point mutations per each 100 nucleotides of the refer- 
ence nucleotide sequence of FIG. 1. In other words, to 
obtain a polynucleotide having a nucleotide sequence 
at least 95% identical to a reference nucleotide se- 
quence, up to 5% of the nucleotides in the reference se- 
quence may be deleted or substituted with another nu- 
cleotide, or a number of nucleotides up. to 5% of the total 
nucleotides in the reference sequence may be inserted 
into the reference sequence. These mutations of the ref- 
erence sequence may occur at the 5' or 3' terminal po- 
sitions of the reference nucleotide sequence or any- 
where between those terminal positions, interspersed 
either individually among nucleotides in the reference 
sequence or in one or more contiguous groups within 
the reference sequence. 

[0037] Similarly, by a polypeptide having an amino ac- 
id sequence having at least, for example, 95% "identity" 
to a reference amino acid sequence of FIG. 2, it is in- 
tended that the amino acid sequence of the polypeptide 
is identical to the reference sequence except that the 
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polypeptide sequence may Include up to five amino acid 
alterations per each 100 amino acids of the reference 
amino acid of FIG. 2. In other words, to obtain a polypep- 
tide having an amino acid sequence at least 95% iden- 
tical to a reference amino acid sequence, up to 5% of 5 
the amino acid residues in the reference sequence may 
be deleted or substituted with another amino acid, or a 
number of amino acids up to 5% of the total amino acid 
residues in the reference sequence may be inserted into 
the reference sequence. These alterations of the refer- io 
ence sequence may occur at the amino or carboxy ter- 
minal positions of the reference amino acid sequence 
or anywhere between those terminal positions, inter- 
spersed either individually among residues in the refer- 
ence sequence or in one or more contiguous groups 
within the reference sequence. 

ADAMTS-M Polypeptides 

[0038] In one aspect, the present invention relates to 
ADAMTS-M polypeptides. The ADAMTS-M polypep- 
tides include the polypeptide of FIG. 2, as well as 
polypeptides comprising an amino acid sequence of 
FIG. 2, and polypeptides comprising an amino acid se- 
quence that has at least 80% identity to that of FIG. 2, 
preferably at least 90% identity, more preferably at least 
95% identity to FIG. 2, and most preferably at least 
97-99% identity to FIG. 2. 

[0039] The ADAMTS-M polypeptides may be in the 
form of an unprocessed or partially processed precur- 
sor, or the "mature" protein, which may in turn be a part 
of a larger protein such as a fusion protein. The mature 
form should normally begin with or near amino acid 98 
and continue to the carboxyl terminus. It is often advan- 
tageous to include an additional amino acid sequence 
which contains secretory or leader sequences, pro-se- 
quences, sequences which aid in purification or identi- 
fication such as multiple histidine residues, or an addi- 
tional sequence for stability during recombinant produc- 
tion. 

[0040] Fragments of the ADAMTS-M polypeptides 
are also included in the invention. A fragment is a 
polypeptide having an amino acid sequence that entirely 
is the same as part, but not all, of the amino acid se- 
quence of the aforementioned ADAMTS-M polypep- 
tides. As with ADAMTS-M polypeptides, fragments may 
be "free-standing," or comprised within a larger polypep- 
tide of which they form a part or region, most preferably 
as a single continuous region. 

[0041] Preferred fragments include, for example, 
truncation polypeptides having the amino acid se- 
quence of ADAMTS-M polypeptides, except for deletion 
of a continuous series of residues that includes the ami- 
no terminus, or a continuous series of residues that in- 
cludes the carboxyl terminus or deletion of two continu- 
ous series of residues, one including the amino terminus 
and one including the carboxyl terminus. Also preferred 
are fragments characterized by structural or functional 



attributes such as fragments that comprise alpha-helix 
and alpha-helix forming regions, beta-sheet and beta- 
sheet-forming regions, turn and turn-forming regions, 
coil and coil-forming regions, hydrophilic regions, hydro- 
phobic regions, alpha amphipathic regions, beta am- 
phipathic regions, flexible regions, surface-forming re- 
gions, substrate binding region, and high antigenic in- 
dex regions. Also preferred are biologically active frag- 
ments. Biologically active fragments are those that me- 
diate one or more ADAMTS-M activities, including those 
with a similar activity or an improved activity, or with a 
decreased undesirable activity. Most preferred are frag- 
ments that comprise one or more of the domains shown 
in Fig. 3. In particularly preferred embodiments, the frag- 
ment comprises the metalloproteinase domain the dis- 
integrindomain or the thrombospondin domain. In an- 
other embodiment, the polypeptide comprises amino 
acids 247-272 of SEQ ID NO: 2, which encompasses 
an extension of the zinc binding motif. 
[0042] Such fragments are conventionally employed 
by themselves, or as part of fusion proteins. For exam- 
ple, expression vectors can be constructed that will ex- 
press a fusion protein comprising a protein or polypep- 
tide of the present invention. Such fusion proteins can 
be used, e.g., to raise antisera against the protein, to 
study the biochemical properties of the protein, to engi- 
neer a protein exhibiting different immunological or func- 
tional properties, to aid in the identification or purifica- 
tion, to improve the stability, of a recombinantly-ex- 
pressed protein, or as therapeutic agents. Possible fu- » 
sion protein expression vectors include but are not lim- 
ited to vectors incorporating sequences that encode p- 
galactosidase and trpE fusions, maltose-binding protein 
fusions (pMal series; New England Biolabs), glutath- 
ione-S-transferase fusions (pGEX series; Pharmacia), 
polyhistidine fusions (pET series; Novagen Inc., Madi- 
son, Wl), and thioredoxin fusions (pTrxFus; Invitrogen, 
Carlsbad, CA). As one example, the disintegrin domain 
or TSP domain, or a polypeptide comprising a variant 
or fragment thereof, may be administered alone, or as 
part of a fusion protein, to competitively inhibit in vivo or 
in vitro interactions with the native disintegrin domain or 
TSP domain. Methods are well-known in the art for con- 
structing expression vectors encoding these and other 
fusion proteins. 

[0043] Variants of the defined sequence and frag- 
ments also form part of the present invention. Preferred 
variants are those that vary from the referents by con- 
servative amino acid substitutions, i.e., those that sub- 
stitute a residue with another of like characteristics. Typ- 
ical conservative substitutions are among Ala, Val, Leu 
and He; among Ser and Thr; among the acidic residues 
Asp and Glu; among Asn and Gin; among the basic res- 
idues Lys and Arg; and among the aromatic residues 
Phe and Tyr. Particularly preferred are variants in which 
several, 5 to 10, 1 to 5, or 1 to 2 amino acids are sub- 
stituted, deleted, or added in any combination. 
[0044] The ADAMTS-M polypeptides of the invention 
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can be prepared in any suitable manner. The polypep- 
tides include isolated naturally occurring polypeptides, 
recombinantly produced polypeptides, synthetically 
produced polypeptides, and polypeptides produced by 
a combination of these methods. These methods are 
well understood in the art. 

[0045] Another embodiment of the present invention 
is an isolated ADAMTS-M polypeptide. An isolated 
polypeptide is one that has been substantially removed 
from its natural milieu. As isolated ADAMTS-M polypep- 
tide can, for example, be obtained from its natural 
source, be produced using recombinant technology, or 
be synthesized chemically. An isolated ADAMTS-M 
polypeptide can be full-length ADAMTS-M polypeptide, 
the predicted mature form processed by furin cleavage 
of the prodomain (amino acid 98 with the predicted ma- 
ture form beginning AAGG...), or any homotogue of such 
a polypeptide, such as an ADAMTS-M polypeptide in 
which amino acids have been deleted, inserted, invert- 
ed, substituted and/or derivatized (e.g., by glycosyla- 
tion, phosphorylation, acetylation, myristoylation, pre- 
nylation, palmitoylation, amidation and/or addition of 
glycosylphosphatidyl inositol). A homologue of an AD- 
AMTS-M polypeptide is a polypeptide having an amino 
acid sequence that is sufficiently similar to a natural AD- 
AMTS-M polypeptide amino acid sequence that a nu- 
cleic acid sequence encoding the homologue is capable 
of hybridizing under stringent conditions to a nucleic ac- 
id sequence encoding the natural ADAMTS-M polypep- 
tide amino acid sequence disclosed herein. As used 
herein, "stringent hybridization conditions" refers to hy- 
bridization to filter-bound DNA in 0.5 M NaHP0 4 , 7% 
SDS, 1 mM EDTA at 65°C, and washing in O.lxSSC/ 
0.1% SDS at 68°C (see Ausubel era/, (eds.), 1 989, Cur- 
rent Protocols in Molecular Biology, Vol. I, Green Pub- 
lishing Associates, Inc., and John Wiley & Sons, Inc., 
New York, at p. 2.10.3}. A homologue of ADAMTS-M 
polypeptide also includes a polypeptide having an ami- 
no acid sequence that is sufficiently cross-reactive such 
that the homologue has the ability to elicit an immune 
response against at least one epitope of naturally-oc- 
curring ADAMTS-M polypeptide. Preferably the homo- 
logue retains one or more biological activities of AD- 
AMTS-M. 

[0046] The minimal length of a protein homologue of 
the present invention is sufficient to be encoded by a 
nucleic acid molecule capable of forming a stable hybrid 
with the complementary sequence of a nucleic acid mol- 
ecule encoding the corresponding natural protein. As 
such, the size of the nucleic acid molecule encoding 
such a protein homologue is dependent on nucleic acid 
composition, percent homology between the nucleic ac- 
id molecule and complementary sequence, as well as 
upon hybridization conditions perse (e.g., temperature, 
salt concentration and formamide concentration). The 
minimal size of such nucleic acid is typically at least 
about 12 to about 15 nucleotides in length if the nucleic 
acid molecules are GC-rich and at least about 15 to 



about 1 7 bases in length if they are AT-rich. The minimal 
size of a nucleic acid molecule used to encode an AD- 
AMTS-M protein homologue of the present invention is 
from about 20 to about 25 nucleotides in length. There 

5 is no limit, other than a practical limit, on the maximal 
size of such a nucleic acid molecule in that the nucleic 
acid molecule can include a portion of a gene, an entire 
gene, or multiple genes, or portions thereof. In one em- 
bodiment, the minimal size of an ADAMTS-M protein 

io homologue of the present invention is from 10, more 
preferably 12, even more preferably 25, amino acids in 
length. In another embodiment, a polypeptide of the in- 
vention comprises an amino acid sequence of more 
than about 10, or 25, preferably more than 75, more 

15 preferably more than 100, amino acids that is identical 
to an amino acid sequence of SEQ ID NO: 2. Preferred 
protein or polypeptide sizes depend on whether a full- 
length, multivalent protein (i.e., fusion protein having 
more than one domain each of which has a function), or 

20 a functional portion of such a protein is desired. Func- 
tional portions are obtainable based on the domains de- 
scribed herein, knowledge in the art concerning such 
domains and known assays for such domain, or its func- 
tional activity. Useful protein fragments or other 

25 polypeptides can also be screened for based on anti- 
genic cross-reactivity with the ADAMTS-M protein of 
SEQ ID NO: 2. 

[0047] ADAMTS-M protein homologues of the inven- 
tion include allelic variations of the natural gene encod- 

30 jng the ADAMTS-M protein. A "natural" gene is that 
found most often in nature. ADAMTS-M protein homo- 
logues can be'produced using techniques known in the 
art, including, but not limited to, direct modifications to 
a gene encoding a protein using, for example, classic 

35 or recombinant DNA techniques to effect random or tar- 
geted mutagenesis. 

[0048] The present invention, encompasses the AD- 
AMTS-M proteins that have undergone posttranslation- 
al modification. Such modification can include, for ex- 

40 ample, glycosylation (e.g., including addition of N-linked 
and/or O-linked oligosaccharides) or posttranslational 
conformational changes or posttranslational deletions. 
[0049] Based on the 28-32% identity in the metallo- 
protease domain of ADAMTS-M as compared to other 

^5 ADAMTS family members, ADAMTS-M may have one 
or more proteolytic activities (e.g. collagenase, aggre- 
canase, procollagen protease) as well as anti-angiogen- 
ic activities that may or may not require the presence of 
the thrombospondin domains. See, FIGS. 3 and 4. 

so These possible activities of ADAMTS-M can be tested 
using techniques known to those skilled in the art. See, 
e.g., P.D. Brown et al., Independent expression and cel- 
lular processing of Mr 72,000 type IV collagenase and 
interstitial collagenase in human tumorigenic cell lines, 

55 50(19) Cancer Research 6184 (October 1990); F. 
Vazquez et al., METH-1 a human ortholog ofADAMTS- 
1, and METH-2 are members of a new family of proteins 
with angio-inhibitory activity, 274 The Journal of Biolog- 
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ical Chemistry 23349 (Aug. 1999); E.C. Arner et aL, 
Generation and characterization of aggrecanase, 274 
The Journal of Biological Chemistry 6594 (Mar. 1999); 
A. Colige et a!., cDNA cloning and expression of bovine 
procollagen I N-proteinase: A new member of the su- 
perfamily of zinc-metalloproteinases with binding sites 
for cell and other matrix components 94 Proceedings of 
the National Academy of Sciences (USA) 2374 (March 
1997). 

ADAMTS-M Polynucleotides 

[0050] Another aspect of the invention relates to AD- 
AMTS-M polynucleotides. ADAMTS-M polynucleotides 
Include isolated polynucleotides which encode the AD- 
AMTS-M polypeptides and fragments, and polynucle- 
otides closely related thereto. More specifically, AD- 
AMTS-M polynucleotides of the invention include a poly- 
nucleotide comprising the nucleotide sequence set forth 
in FIG. 1 encoding a ADAMTS-M polypeptide of FIG. 2, 
and a polynucleotide having the particular sequence of 
FIG. 1. ADAMTS-M polynucleotides further include a 
polynucleotide comprising a nucleotide sequence that 
has at least 80% identity to a nucleotide sequence en- 
coding the ADAMTS-M polypeptide of FIG. 2, and a 
polynucleotide that is at least 80% identical to the poly- 
nucleotide sequence of FIG. 1. In this regard, polynu- 
cleotides at least 90% identical are particularly pre- 
ferred, and those with at least 95% are especially pre- 
ferred. Furthermore, those with at least 97% are highly 
preferred and those with at least 98-99% are most highly 
preferred, with at least 99% being the most preferred. 
[0051] In one embodiment, the nucleic acid molecule 
of the invention has a nucleotide sequence has between 
1 and 50, more preferably between 1 and 25, and most 
preferably between 1 and 5 nucleotides inserted, delet- 
ed, or substituted with respect to the sequence of SEQ 
ID NO: 1. 

[0052] ADAMTS-M polynucleotides of the invention 
also encompass nucleotide sequences which have suf- 
ficient identity to the nucleotide sequence contained in 
FIG. 1 to hybridize under conditions useable for ampli- 
fication or for use as a probe or marker for ADAMTS-M. 
Such sequences are typically 15 to 25 nucleotides in 
length with a target of 50% GC content and useful in 
PCR amplification or oligonucleotide hybridization 
methods well known to those skilled in the art. (See, e. 
g. p Promega Protocols and Applications Guide, Third 
Edition, (1996), ISBN 1-8822474-57-1). 
[0053] In one embodiment, the isolated nucleic acid 
molecule comprises a fragment of SEQ ID NO: 1 that is 
specific for ADAMTS-M, i.e., specif ically acts as a probe 
for SEQ ID NO: 1 . The fragment may be at least, e.g., 
15, 25, 35, 45 or 75 nucleotides in length. 
[0054] Another embodiment of the present invention 
is an isolated nucleic acid molecule capable of hybrid- 
izing, under stringent conditions, with ADAMTS-M 
polypeptide gene (FIG. 1 ) encoding an ADAMTS-M pro- 



tein of the present invention. 

[0055] An isolated nucleic acid of the invention can 
include DNA, RNA or derivatives of either DNA or RNA. 
[0056] An isolated nucleic acid molecule of the 
5 present invention can be obtained from its natural 
source either as an entire (i.e., complete) gene or a por- 
tion thereof capable of forming a stable hybrid with that 
gene. As used herein, the phrase "at least a portion of" 
an entity refers to an amount of the entity that is at least 
io sufficient to have functional aspects of that entity. For 
example, at least a portion of a nucleic acid sequence, 
as used herein, is an amount of a nucleic acid sequence 
capabte of forming a stable hybrid with a particular de- 
sired gene (e.g., ADAMTS genes) under stringent hy- 
15 bridization conditions. An isolated nucleic acid molecule 
of the present invention can also be produced using re- 
combinant technology (e.g., polymerase chain reaction 
(PCR) amplification, cloning) orchemical synthesis. Iso- 
lated ADAMTS-M protein nucleic acid molecules in- 
20 elude natural nucleic acid molecules and homologues 
thereof, including, but not limited to natural allelic vari- 
ants and modified nucleic acid molecules in which nu- 
cleotides have been inserted, deleted, substituted, and/ 
or inverted in a manner that does not substantially inter- 
ns fere with the nucleic acid molecule's ability to encode an 
ADAMTS-M protein of the present invention or to form 
stable hybrids under stringent conditions with natural 
nucleic acid molecule isolates encoding an ADAMTS-M 
protein. 

30 [0057] The invention also provides polynucleotides 
that are complementary to ADAMTS-M polynucleotides 
described above. 

Expression of ADAMTS-M 

35 

[0058] In one embodiment, an isolated ADAMTS-M 
protein of the present invention is produced by culturing 
a recombinant cell capable of expressing the protein un- 
der conditions effective to produce the protein, and re- 

40 covering the protein. Preferred cells include bacterial (e. 
g., E coli), yeast (e.g., Pichia), insect (e.g., SF9) or 
mammalian cells (e.g., CHO, Cos 7, and HEK 293). The 
recombinant cell is capable of expressing the ADAMTS- 
M protein and is produced by transforming a host cell 

45 with one or more nucleic acid molecules of the present 
invention. Such recombinant cells are part of the present 
invention. Suitable transformation techniques include, 
but are not limited to, transfection, electroporation, mi- 
croinjection, lipofection, adsorption and protoplast fu- 

50 sion. Recombinant cells of the invention may remain 
unicellular or may grow into a tissue organ or a multicel- 
lular organism. Nucleic acid molecules of the present 
invention used to transformed cells according to con- 
ventional techniques can remain extrachromosomal or 

55 can integrate into one or more sites within a chromo- 
some of the transformed (i.e., recombinant) cell in such 
a manner that their ability to be expressed is retained. 
[0059] Suitable host cells for transforming a cell in- 
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dude any ceil capable of producing ADAMTS-M pro- 
teins of the present invention after being transformed 
with at least one nucleic acid molecule of the present 
invention. Host cells can be either untransformed cells 
or cells that are already transformed with at least one s 
nucleic acid molecule the present invention. Suitable 
host cells include bacterial, fungal (including yeast), in- 
sect, animal and plant cells. 

[0060] The present invention also encompasses a re- 
combinant vector which comprises a polynucleotide of 10 
the present invention inserted into a vector capable of 
delivering the polynucleotide into a host cell. Such a vec- 
tor normally contains heterologous nucleic acid se- 
quences, for example nucleic acid sequences that are 
not naturally found adjacent to ADAMTS-M protein nu- '5 
cleic acid molecules of the present invention, The vector 
can be either DNA or RNA, and either prokaryotic or eu- 
karyotic, and is typically a virus or a plasmid. Recom- 
binant vectors can be used in cloning, sequencing, and/ 
or otherwise manipulating or expressing ADAMTS-M 20 
polynucleotides of the present invention. 
[0061] In one embodiment of the invention, a recom- 
binant cell is produced by transforming a host cell with 
one or more recombinant molecules, each comprising 
one or more polynucleotide molecules of the present in- 25 
vention operatively linked to an expression vector con- 
taining one or more transcription control sequences. 
The phrase "operatively linked" refers to a nucleic acid 
molecule inserted into an expression vector in a manner 
such that the molecule is able to be expressed when 30 
transformed into a host cell. As used herein, the phrase 
"expression vector" refers to a DNA or RNA vector that 
is capable of transforming a host cell and of effecting *' 
expression of a specified nucleic acid molecule. 
[0062] Preferably, the expression vector is also capa- 35 
ble of replicating within the host cell. Expression vectors 
can be either prokaryotic or eukaryotic, and are typically 
viruses or plasmids. Expression vectors of the present 
invention include vectors that effect direct gene expres- 
sion in bacterial, fungal, insect, animal, and/or plant <*o 
cells. Nucleic acid molecules of the present invention 
can be operatively linked to expression vectors contain- 
ing regulatory sequences such as promoters, operators, 
repressors, enhancers, termination sequences, origins 
of replication, and other regulatory sequences that are 45 
compatible with the recombinant cell and that control the 
expression of nucleic acid molecules. Transcription con- 
trol sequences that can be used in the present invention 
include those capable of controlling the initiation, elon- 
gation, and termination of transcription. Particularly im- so 
portant transcription control sequences are those which 
control transcriptional initiation, such as promoter, en- 
hancer, operator and repressor sequences. Suitable 
transcription control sequences include those that func- 
tion in one of the recombinant cells of the present inven- 55 
tion. A variety of such transcription control sequences 
are known to those skilled in the art. Preferred transcrip- 
tion control sequences include those which function in 



bacterial yeast and mammalian cells, such as, but not 
limited to, tac, lac, trp, trc, oxy-pro, omp/lpp, rmB, bac- 
teriophage lambda (X) (such as X P and XP R and fusions 
that include such promoters), bacteriophage T7, T7lac, 
bacteriophage T3, bacteriophage SP6, bacteriophage 
SP01, metallothionein, alpha mating factor, baculovi- 
rus, vaccinia virus, herpesvirus, poxvirus, adenovirus, 
simian virus 40, retrovirus action, retroviral long terminal 
repeat, Rous sarcoma virus, heat shock, phosphate and 
nitrate transcription control sequences, as well as other 
sequences capable of controlling gene expression in 
prokaryotic or eukaryotic cells. Additional suitable tran- 
scription control sequences include tissue-specific pro- 
moters and enhancers as well as lymphokine-inducible 
promoters (e.g., promoters inducible by interferons or 
interleukins). Transcription control sequences useful in 
practicing the present invention include naturally occur- 
ring sequences associated with DNA encoding an AD- 
AMTS-M protein. 

[0063] Preferred nucleic acid molecules for insertion 
into an expression vector include nucleic acid molecules 
encoding at least a portion of an ADAMTS-M protein, or 
a homologue thereof. Expression vectors of the present 
invention may also contain fusion sequences, e.g., as 
discussed above, which allow expression of nucleic acid 
molecules of the present invention as fusion proteins. 
Inclusion of a fusion sequence in an ADAMTS-M nucleic 
acid molecule of the present invention can enhance sta- 
bility during production, storage, or use of the protein 
encoded by the nucleic acid molecule. Furthermore, a 
fusion segment can simplify purification of an ADAMTS- 
M protein, enabling purification by affinity chromatogra- 
phy. Fusion segments can be of any size that affords 
the desired function (e.g. , increased stability and/or eas- 
ier purification). It is within the scope of the present in- 
vention to use one or more fusion segments. Fusion 
segments can be joined to amino and/or carboxyl termi- 
ni of the ADAMTS-M protein or polypeptide of the 
present invention. Linkages between fusion segments 
and ADAMTS-M proteins can be constructed to be sus- 
ceptible to cleavage to enable straightforward recovery 
of the ADAMTS-M proteins. Fusion proteins are prefer- 
ably produced by culturing a recombinant cell trans- 
formed with nucleic acid sequences that encode the fu- 
sion segment attached to eitherthe carboxyl and/or ami- 
no terminal end of a ADAMTS-M polypeptide of the in- 
vention. 

[0064] The present invention includes recombinant 
cells resulting from transformation with a nucleic acid 
molecule of the present invention. Preferred recom- 
binant cells are transformed with a nucleic acid molecule 
that encodes at least a portion of an ADAMTS-M protein, 
or a homologue thereof. Amplifying the copy number of 
nucleic acid sequences of the invention can be accom- 
plished by increasing the copy number of the nucleic ac- 
id sequence in the cell's genome or by introducing ad- 
ditional copies of the nucleic acid sequence by transfor- 
mation. Copy number amplification is conducted in a 
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manner such that greater amounts of enzyme are pro- 
duced, leading to enhanced conversion of substrate to 
product. Transformation can be accomplished using any 
process by which nucleic acids are transformed into 
cells to enhance enzyme synthesis. Prior to transforma- 
tion, the nucleic acid sequence can, if desired, be ma- 
nipulated to encode an enzyme having a higher specific 
activity. 

[0065] In accordance with the present invention, re- 
combinant cells are used to produce an ADAMTS-M 
protein of the present invention by culturing such cells 
under conditions effective to produce such a protein, 
and the protein recovered. Effective conditions include, 
but are not limited to, appropriate media, bioreactor, 
temperature, pH and oxygen conditions that permit pro- 
tein production. Suitable media are typically aqueous 
and comprise assimilable carbohydrate, nitrogen and 
phosphate sources, as well as appropriate salts, miner- 
als, metals and other nutrients, such as vitamins. The 
medium may comprise complex nutrients, or may be 
minimal. 

[0066] Cells of the present invention can be cultured 
in conventional fermentation bioreactors, which include, 
but are not limited to, batch, fed-batch, cell recycle, and 
continuous fermentors. Culturing can also be conducted 
in shake flasks, test tubes, microtiter dishes, and petri 
plates. Culturing is carried out at a temperature, pH and 
oxygen content appropriate for the recombinant cell. 
Such culturing is within the expertise of one of ordinary 
skill in this art. 

[0067] Depending on the vector and host system used 
for production, resultant ADAMTS-M proteins may ei- 
ther remain within the recombinant cell or be secreted 
into the fermentation medium. "Recovering the protein" 
according to the invention may involve simply collecting 
the fermentation medium or cells containing the protein 
and need not include additional steps of separation or 
purification. ADAMTS-M proteins of the present inven- 
tion can be purified using a variety of standard protein 
purification techniques, such as, but not limited to, affin- 
ity chromatography, ion' exchange chromatography, fil- 
tration, electrophoresis, hydrophobic interaction chro- 
matography, gel filtration chromatography, reverse 
phase chromatography, chromatofocusing and differen- 
tial solubilization. 

[0068] In addition, an ADAMTS-M protein of" the 
present invention can be produced by isolating the AD- 
AMTS-M protein from cells expressing the ADAMTS-M 
protein recovered from transgenic animal, or from fluid, 
such as milk, recovered from such an animal. An isolat- 
ed protein or polypeptide of the present invention can 
be used to formulate a therapeutic composition as dis- 
cussed further below. 

Antibodies to ADAMTS-M 

[0069] The present invention also includes antibodies 
capable of selectively binding to an ADAMTS-M protein 



or polypeptide of the present invention. Polyclonal pop- 
ulations of anti-ADAMTS-M antibodies can be con- 
tained in an ADAMTS-M antiserum. Binding can be 
measured using a variety of methods known to those 

5 skilled in the art including immunoblot assays, immuno- 
precipitation assays, enzyme immunoassays (e.g., ELI- 
SA), radioimmunoassay, immonofluorescent antibody 
assays and immunoelectron microscopy; see, for exam- 
ple, Sambrook et al., Molecular cloning: a laboratory 

10 manual, Cold Spring Harbor Labs Press, 1989. 

[0070] Antibodies of the present invention can be ei- 
ther monoclonal or polyclonal antibodies and can be 
prepared using techniques standard in the art. Antibod- 
ies of the present invention include functional equiva- 

15 lents such as antibody fragments and genetically-engi- 
neered antibodies, including single chain antibodies that 
are capable of selectively binding to at least one of the 
epitopes of the protein used to obtain antibodies. Pref- 
erably, antibodies are raised in response to proteins that 

20 are encoded, at least in part, by an ADAMTS-M nucleic 
acid molecule. 

Identification of ADAMTS-M substrates 

25 [0071] The present invention also encompasses 
methods for identifying ADAMTS-M substrates. Such 
methods include those wherein a candidate substrate is 
contacted with a polypeptide comprising an enzymati- 
cally active ADAMTS-M polypeptide of the invention, 

30 and conversion of substrate to product is determined, 
or binding of polypeptide to the candidate substrate de- 
termined. The invention also encompasses rational 
drug design conducted using computer software that 
calculates interactions between candidate compounds 

35 and polypeptides or polynucleotides of the invention. 
[0072] Substrates may be identified by a candidate 
protein or synthetic substrate approach. For example, 
candidate proteins can be cast within an agarose gel 
matrix and the ability of the ADAMTS-M protein to digest 

40 the protein determined using protein zymography. See, 
P.D. Brown et al., Independent expression and cellular 
processing of Mr 72,000 type IV collagenase and inter- 
stitial collagenase in human tumorigenic cell lines, 50 
(19) Cancer Research 6184 (October 1990). Alterna- 

45 tively, a phage display orfluorometric peptide library can 
be screened to identify substrates of the protein. See, 
D.R. O'Boyie et al., Identification of a novel peptide sub- 
strate ofHSV- 1 protease using substrate phage display, 
236(2) Virology 338 (September 1997). 

50 

Agonists/antagonists of ADAMTS-M 

[0073] The present invention also includes assays for 
determining agonists and/or antagonists of ADAMTS- 
55 M. Assays for determining aggrecanase, collagenase, 
procollagen protease and/or angiogenic activities may 
be used to identify agonist or antagonist compounds, 
preferably small molecular weight compounds of less 



11 



21 



EP 1 152 055 A1 



22 



than 700 daltons. The compounds may contain a hy- 
droxamic acid moiety or an optionally substituted hete- 
rocyclic nucleus, or an aryl or heteroaryl sulfonamide 
moiety, which compounds inhibit or stimulate the activity 
of endogenous or recombinant ADAMTS-M. E.C. Arner 
et al., Generation and characterization of aggrecanase. 
A soluble, cartilage-derived aggrecan-degrading activi- 
ty, 274 Journal of Biological Chemistry 6594 (March 
1999); M.D. Tortorella et al., supra; A. Colige et al., su- 
pra; K. Kuno et al., supra. ELISA or fluorescent sub- 
strate assays can be performed to determine agonists 
or antagonists, or to determine specific proteolytic ac- 
tivity, of an ADAMTS-M protein. 

Diagnostic Assays 

[00741 The present invention also includes processes 
for diagnosing diseases or susceptibility to diseases re- 
lated to expression and/or activity of ADAMTS-M. Such 
diseases may be identified by determining the presence 
or absence of a mutation in the nucleotide sequence en- 
coding said ADAMTS-M polypeptide in the genome of 
a patient. Alternately, the presence or amount of AD- 
AMTS-M polypeptide in a sample derived from a patient 
may be determined as an indicator of disease or sus- 
ceptibility to disease. Such diagnosis may be performed 
for diseases including the following: arthritis (osteoar- 
thritis and rheumatoid arthritis), inflammatory bowel dis-. 
ease, Crohn's disease, emphysema, acute respiratory 
distress syndrome, asthma, chronic obstructive pulmo- 
nary disease, Alzheimer's disease, organ transplant 
toxicity and rejection, cachexia, allergy, cancer (such as 
solid tumor cancer including colon, breast, lung, pros- 
tate, brain, and hematopoietic malignancies including 
leukemia and lymphoma), tissue ulcerations, resteno- 
sis, periodontal disease, epidermolysis bullosa, oste- 
oporosis, loosening of artificial joints implants, athero- 
sclerosis (including atherosclerotic plaque rupture), aor- 
tic aneurysm (including abdominal aortic and brain aor- 
tic aneurysm), congestive heart failure, myocardial inf- 
arction, stroke, cerebral ischemia, head trauma, spinal 
cord injury, neurodegenerative diseases (acute and 
chronic), autoimmune disorders, Huntington's disease, 
Parkinson's disease, migraine, depression, peripheral 
neuropathy, pain, cerebral amyloid angiopathy, nootrop- 
ic or cognition enhancement, amyotrophic lateral scle- 
rosis, multiple sclerosis, ocular angiogenesis, corneal 
injury, macular degeneration, abnormal wound healing, 
burns, infertility, diabetic shock and other diseases char- 
acterized by metalloproteinase activity and/or charac- 
terized by mammalian adamalysin activity. 

Therapeutic compositions and uses of ADAMTS-M 

[0075] In one embodiment of the present invention, 
an antibody, agonist, antagonist, substrate and/or vari- 
ant of ADAMTS-M, or a polypeptide or polynucleotide 
of the invention, is employed in a therapeutic composi- 



tion for treatment of arthritis (osteoarthritis and rheuma- 
toid arthritis), inflammatory bowel disease, Crohn's dis- 
ease, emphysema, acute respiratory distress syn- 
drome, asthma, chronic obstructive pulmonary disease, 
5 Alzheimer's disease, organ transplant toxicity and rejec- 
tion, cachexia, allergy, cancer (such as solid tumor can- 
cer including colon, breast, lung, prostate, brain, and he- 
matopoietic malignancies including leukemia and lym- 
phoma), tissue ulcerations, restenosis, periodontal dis- 
10 ease, epidermolysis bullosa, osteoporosis, loosening of 
artificial joints implants, atherosclerosis (including 
atherosclerotic plaque rupture), aortic aneurysm (in- 
cluding abdominal aortic and brain aortic aneurysm), 
congestive heart failure, myocardial infarction, stroke, 
15 cerebral ischemia, head trauma, spinal cord injury, neu- 
rodegenerative diseases (acute and chronic), autoim- 
mune disorders, Huntington's disease, Parkinson's dis- 
ease, migraine, depression, peripheral neuropathy, 
pain, cerebral amyloid angiopathy, nootropic or cogni- 
se tion enhancement, amyotrophic lateral sclerosis, multi- 
ple sclerosis, ocular angiogenesis, corneal injury, mac- 
ular degeneration, abnormal wound healing, burns, in- 
fertility, diabetic shock or other diseases characterized 
by metalloproteinase activity and/or mammalian adam- 
25 alysin activity. 

[0076] In one embodiment, polynucleotides of the in- 
vention can, for example, be employed to transform 
cells in gene therapy application, e.g., as part of in vivo 
or ex vivo gene therapy. Polynucleotides can also be 
30 employed in antisense therapy, and in the construction 
of ribozymes. Use of polynucleotides in these methods 
is known to those skilled in this art. 
[0077] For administration to mammals, including hu- 
mans, a variety of conventional routes may be used in- 
35 eluding oral, parenteral ( e.g. , intravenous, intramuscu- 
lar or subcutaneous), buccal, anal and topical. 
[0078] For oral administration, tablets containing var- 
ious excipients such as microcrystalline cellulose, sodi- 
um citrate, calcium carbonate, dicalcium phosphate and 
to glycine may be employed along with various disinte- 
grants such as starch (and preferably corn, potato or 
tapioca starch), alginic acid and certain complex sili- 
cates, together with granulation binders like polyvi- 
nylpyrrolidone, sucrose, gelation and acacia. Addition- 
's ally, lubricating agents such as magnesium stearate, so- 
dium lauryl sulfate and talc are often very useful for tab- 
letting purposes. Solid compositions of a similar type 
may also be employed as fillers in gelatin capsules; pre- 
ferred materials in this connection also include lactose 
50 or milk sugar as well as high molecular weight polyeth- 
ylene glycols. When aqueous suspensions and/or elixirs 
are desired for oral administration, the active ingredient 
may be combined with various sweetening or flavoring 
agents, coloring matter or dyes, and, if so desired, emui- 
55 sifying and/or suspending agents as well, together with 
such diluents as water, ethanol, propylene glycol, glyc- 
erin and various like combinations thereof. In the case 
of animals, they are advantageously contained in an an- 
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imal feed or drinking water in a concentration of 5-5000 
ppm, preferably 25 to 500 ppm. 
[0079] For parenteral administration (intramuscular, 
intraperitoneal, subcutaneous and intravenous use) a 
sterile injectable solution of the active ingredient is usu- 
ally prepared. Solutions of the therapeutic compound in 
either sesame or peanut oil or in aqueous propylene gly- 
col may be employed. The aqueous solutions should be 
suitably adjusted and buffered, preferably at a pH of 
greater than 8, if necessary and the liquid diluent first 
rendered isotonic. These aqueous solutions are suitable 
intravenous injection purposes. The oily solutions are 
suitable for intraarticular, intramuscular and subcutane- 
ous injection purposes. The preparation of all these so- 
lutions under sterile conditions is readily accomplished 
by standard pharmaceutical techniques well known to 
those skilled in the art. In the case of animals, com- 
pounds can be administered intramuscularly or subcu- 
taneously at dosage levels of about 0.1 to 50 mg/kg/day, 
advantageously 0.2 to 10 mg/kg/day given in a single 
dose or up to 3 divided doses. 

[0080] Active compounds may also be formulated in 
rectal compositions such as suppositories or retention 
enemas, e.g., containing conventional suppository bas- 
es such as cocoa butter or other glycerides. 
[0081] For intranasal administration or administration 
by inhalation, active compounds are conveniently deliv- 
ered in the form of a solution or suspension from a pump 
spray container that is squeezed or pumped by the pa- 
tient or as an aerosol spray presentation from a pressu- 
rized container or a nebulizer, with the use of a suitable 
propeilant, e.g., dichlorodifluoromethane, trichlorofluor- 
omethane, dichlorotetrafluoroethane, carbon dioxide or 
other suitable gas. In the case of a pressurized aerosol, 
the dosage unit may be determined by providing a valve 
to deliver a metered amount. The pressurized container 
or nebulizer may contain a solution or suspension of the 
active compound. Capsules and cartridges (made, for 
example, from gelatin) for use in an inhaler or insufflator 
may be formulated containing a powder mix of a com- 
pound of the invention and a suitable powder base such 
as lactose or starch. 

[0082] A therapeutic composition of the present in- 
vention can be administered to any subject having a 
medical disorder as herein described. Acceptable pro- 
tocols by which to administer therapeutic compounds of 
the present invention in an effective manner vary ac- 
cording to individual dose size, number of doses, fre- 
quency of dose administration and mode of administra- 
tion. Determination of appropriate protocols is accom- 
plished by those skilled in the art without undue exper- 
imentation. An effective dose refers to a dose capable 
of treating a subject for a medical disorder as described 
herein. Effective doses vary depending upon, for exam- 
ple, the therapeutic composition used, the medical dis- 
order being treated and the size and type of recipient 
animal. 

[0083] The dosage and length of treatment depends 



on the disease state being treated. The duration of treat- 
ment may be a day, a week or longer and may last over 
the lifetime of the patient. 

[0084] The present invention is exemplified by the fol- 
5 lowing Example, which is not intended to be interpreted 
as limiting the scope of the invention. 

Example 

10 Identification of ADAMTS-M 

[0085] For identification of novel ADAMTS gene fam- 
ily members, a non-redundant set of publicly available 
protein sequences was assembled (accession num- 

15 bers: D67076, AJ0031 25, AB002364, AB01 4588). A se- 
ries of low stringency BLAST searches were then per- 
formed against the LifeSeq Gold™ database (Incyte) 
using each of the above protein sequences as queries. 
A 488bp consensus sequence containing a metallopro- 

20 teinase domain was identified in the Incyte database. 
This sequence was used to design PGR primers (For- 
ward: 5'-GAAGCTGTGCCCAATCTCATGG-3' [SEQ ID 
NO: 3] and Reverse: 5'-GCTCCAAATATCACAGC-3') 
[SEQ ID NO: 4], and a panel of libraries was screened 

25 to determine a source for further cloning. A PCR product 
was obtained from a human liver cDNA library, which 
was then screened by RecA-mediated homology cap- 
ture. Colonies hybridizing to the capture sequence were 
isolated, and miniprep plasmid DNA was used for PCR 

30 with outer primers. Three of the four positive clones 
were sequenced, and one (SEQ ID: NO:1 ) was found to 
contain a furin-cleavage site, metalloproteinase domain 
with zinc-binding motif, disintegrin domain, and two 
thrombospondin submotifs. BLASTP 2.0.9 analysis 

35 showed high homology to a number of ADAMTS family 
members, as indicated in the alignment in FIG. 4. 
[0086] The foregoing description of the invention has 
been presented for purposes of illustration and descrip- 
tion. Further, the description is not intended to limit the 

40 invention to the form disclosed herein. Consequently, 
variations and modifications, commensurate with the 
above teachings, and the skill or knowledge in the rele- 
vant art are within the scope of the present invention. It 
is intended that the appended claims be construed to 

45 include alternate embodiments to the extent permitted 
by the prior art. 

Sequence ID Listing 

50 [0087] SEQ ID NO: 1 is the nucleotide sequence of 
ADAMTS-M. 

[0088] SEQ ID NO: 2 is the deduced amino acid se- 
quence of ADAMTS-M. 

55 

Claims 

1. An isolated polynucleotide molecule comprising a 
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nucleotide sequence selected from the group con- 
sisting of: 

(a) a nucleotide sequence having at least 80% 
identity to a nucleotide sequence encoding an 5 
ADAMTS-M polypeptide of SEQ ID NO: 2, or a 
metalloproteinase, disintegrin domain, prodo- 
main, or thrombospondin submotif, thereof; 

(b) a nucleotide sequence of at least 1 5 contig- 
uous nucleotides that hybridizes under strin- }0 
gent conditions to the polynucleotide molecule 

of SEQ ID NO: 1;and 

(c) the complement of the nucleotide sequence 
of (a) or (b). 

15 

2. An isolated polynucleotide molecule of claim 1 
wherein said polynucleotide sequence comprises 
the ADAMTS-M polypeptide encoding sequence of 
SEQ ID NO: 2, or a metalloproteinase, disintegrin 
domain, prodomain, or thrombospondin submotif, 20 
thereof. 



bility to a disease in a subject related to expression 
or activity of ADAMTS-M in a subject comprising de- 
termining presence or absence of a mutation in a 
nucleotide sequence encoding a polypeptide of 
claim 3 in the genome of said subject, or analyzing 
for presence or amount of ADAMTS-M expression 
in a sample derived from said subject. 

1 1 . A method for identifying compounds which antago- 
nize, agonize, or bind to ADAMTS-M comprising: 

(a) contacting a candidate compound with cells 
expressing an ADAMTS-M polypeptide of claim 
3, or with cell membranes from cells expressing 
said ADAMTS-M polypeptide, or the media 
conditioned by cells expressing said polypep- 
tide, or a purified composition of said polypep- 
tide; and 

(b) determining inhibition or stimulation of an 
ADAMTS-M activity, or binding or said candi- 
date compound to said polypeptide. 



3. A polypeptide encoded by the isolated polynucle- 
otide molecule of claim 1 . 

4. The polypeptide of claim 3 which comprises an ami- 
no acid sequence that is SEQ ID NO: 2, or a met- 
alloproteinase, disintegrin domain, prodomain, or 
thrombospondin submotif, thereof. 

5. An expression system comprising a DNA or RNA 
molecule, wherein said expression system is capa- 
ble of producing an ADAMTS-M polypeptide of 
claim 3 when said expression system is present in 
a compatible host cell. 

6. A host cell comprising the expression system of 
claim 5. 

7. A process for producing an ADAMTS-M polypeptide 
comprising culturing a host cell of claim 6 under 
conditions sufficient for production of said polypep- 
tide, and recovering the polypeptide from cell cul- 
ture. 

8. An agent selected from the group consisting of an 
antibody immunospecific for an ADAMTS-M 
polypeptide, an agonist for an ADAMTS-M polypep- 
tide, an antagonist for an ADAMTS-M polypeptide, 
and a substrate for an ADAMTS-M polypeptide, 
wherein said polypeptide is the polypeptide of claim 
3. 

9. Use of an agent of claim 8 in the manufacture of a 
medicament for treating a subject in need of altering 
activity or expression of ADAMTS-M. 

10. A process for diagnosing a disease or a suscepti- 



12. A method for detecting a polynucleotide encoding 
ADAMTS-M in a biological sample containing nu- 

25 cleic acid material comprising: 

(a) hybridizing an isolated polynucleotide of 
claim 1 that is specific to ADAMTS-M to the nu- 
cleic acid material of the biological sample, 

30 thereby forming a hybridization complex; and 

(b) detecting the hybridization complex, where- 
in presence of the hybridization complex corre- 
lates with the presence of the polynucleotide 

. encoding ADAMTS-M in the biological sample. 

35 

13. A method for identifying a substrate for ADAMTS- 
M comprising contacting a polypeptide comprising 
an enzymatically active polypeptide of claim 3 with 
a candidate substrate and determining either con- 

40 version of substrate to product or binding of the 
polypeptide to the substrate. 

14. Use of an agent selected from the group consisting 
of an agonist or antagonist of ADAMTS-M, a 

4 $ polypeptide of claim 3, and a polynucleotide of claim 
1 , in the manufacture of a medicament for treating 
arthritis (osteoarthritis and rheumatoid arthritis), in- 
flammatory bowel disease, Crohn's disease, em- 
physema, acute respiratory distress syndrome, 

so asthma, chronic obstructive pulmonary disease, 
Alzheimer's disease, organ transplant toxicity and 
rejection, cachexia, allergy, cancer (such as solid 
tumor cancer including colon, breast, lung, pros- 
tate, brain and hematopoietic malignancies includ- 

55 jng leukemia and lymphoma), tissue ulcerations, 
restenosis, periodontal disease, epidermolysis bul- 
losa, osteoporosis, loosening of artificial joints im- 
plants, atherosclerosis (including atherosclerotic 
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plaque rupture), aortic aneurysm (including abdom- 
inal aortic and brain aortic aneurysm), congestive 
heart failure, myocardial infarction, stroke, cerebral 
ischemia, head trauma, spinal cord injury, neurode- 
generative diseases (acute and chronic), autoim- 5 
mune disorders, Huntington's disease, Parkinson's 
disease, migraine, depression, peripheral neurop- 
athy, pain, cerebral amyloid angiopathy, nootropic 
or cognition enhancement, amyotrophic lateral 
sclerosis, multiple sclerosis, ocular angiogenesis, io 
corneal injury, macular degeneration, abnormal 
wound healing, burns, infertility or diabetic shock. 

15. A pharmaceutical composition for the treatment of 
arthritis (osteoarthritis and rheumatoid arthritis), in- *s 
flammatory bowel disease, Crohn's disease, em- 
physema, acute respiratory distress syndrome, 
asthma, chronic obstructive pulmonary disease, 
Alzheimer's disease, organ transplant toxicity and 
rejection, cachexia, allergy, cancer (such as solid 20 
tumor cancer including colon, breast, lung, pros- 
tate, brain and hematopoietic malignancies includ- 
ing leukemia and lymphoma), tissue ulcerations, 
restenosis, periodontal disease, epidermolysis bul- 
losa, osteoporosis, loosening of artificial joints im- 25 
plants, atherosclerosis (including atherosclerotic 
plaque rupture), aortic aneurysm (including abdom- 
inal aortic and brain aortic aneurysm), congestive 
heart failure, myocardial infarction, stroke, cerebral 
ischemia, head trauma, spinal cord injury, neurode- 30 
generative diseases (acute and chronic), autoim- 
mune disorders, Huntington's disease, Parkinson's 
disease, migraine, depression, peripheral neurop- 
athy, pain, cerebral amyloid angiopathy, nootropic 
or cognition enhancement, amyotrophic lateral 35 
sclerosis, multiple sclerosis, ocular angiogenesis, 
corneal injury, macular degeneration, abnormal 
wound healing, burns, infertility or diabetic shock 
comprising a therapeutically effective amount of, in 
combination with a pharmaceutically acceptable *o 



15 



EP 1 152 055 A1 



FIG.1 



CCGGGTCGACCCACGCGTCCGAAGGCCCCCTCTCACTCCGCTCCACTCCTCGGGCTGG 

CTCTCCTGAGGATGCACCAGCGTCACCCCCGGGCAAGATGCCCTCCCCTCTGTGTGGC 

CGGAATCCTTGCCTGTGGCTTTCTCCTGGGCTGCTGGGGACCCTCCCATTTCCAGCAGA 

GTTGTCTTCAGGCTTTGGAGCCACAGGCCGTGTCTTCTTACTTGAGCCCTGGTGCTCCC 

TTAAAAGGCCGCCCTCCTTCCCCTGGCTTCCAGAGGCAGAGGCAGAGGCAGAGGCGGG 

CTGCAGGCGGCATCCTACACCTGGAGCTGCTGGTGGCCGTGGGCCCCGATGTCTTCCA 

GGCTCACCAGGAGGACACAGAGCGCTATGTGCTCACCAACCTCAACATCGGGGCAGAA 

CTGCTTCGGGACCCGTCCCTGGGGGCTCAGTTTCGGGTGCACCTGGTGAAGATGGTCA 

TTCTGACAGAGCCTGAGGGTGCTCCAAATATCACAGCCAACCTCACCTCGTCCCTGCTG 

AGCGTCTGTGGGTGGAGCCAGACCATCAACCCTGAGGACGACACGGATCCTGGCCATG 

CTGACCTGGTCCTCTATATCACTAGGTTTGACCTGGAGTTGCCTGATGGTAACCGGCAG 

GTGCGGGGCGTCACCCAGCTGGGCGGTGCCTGCTCCCCAACCTGGAGCTGCCTCATTA 

CCGAGGACACTGGCTTCGACCTGGGAGTCACCATTGCCCATGAGATTGGGCACAGCTT 

CGGCCTGGAGCACGACGGCGCGCCCGGCAGCGGCTGCGGCCCCAGCGGACACGTGA 

TGGCTTCGGACGGCGCCGCGCCCCGCGCCGGCCTCGCCTGGTCCCCCTGCAGCCGCC 

GGCAGCTGCTGAGCCTGCTCAGCGCAGGACGGGCGCGCTGCGTGTGGGACCCGCCGC 

GGCCTCAACCCGGGTCCGCGGGGCACCCGCCGGATGCGCAGCCTGGCCTCTACTACA 

GCGCCAACGAGCAGTGCCGCGTGGCCTTCGGCCCCAAGGCTGTCGCCTGCACCTTCGC 

CAGGGAGCACCTGGATATGTGCCAGGCCCTCTCCTGCCACACAGACCCGCTGGACCAA 

AGCAGCTGCAGCCGCCTCCTCGTTCCTCTCCTGGATGGGACAGAATGTGGCGTGGAGA 

AGTGGTGCTCCAAGGGTCGCTGCCGCTCCCTGGTGGAGCTGACCCCCATAGCAGCAGT 

GCATGGGCGCTGGTCTAGCTGGGGTCCCCGAAGTCCTTGCTCCCGCTCCTGCGGAGGA 

GGTGTGGTCACCAGGAGGCGGCAGTGCAACAACCCCAGACCTGCCTTTGGGGGGCGT 

GCATGTGTTGGTGCTGACCTCCAGGCCGAGATGTGCAACACTCAGGCCTGCGAGAAGA 

CCCAGCTGGAGTTCATGTCGCAACAGTGCGCCAGGACCGACGGCCAGCCGCTGCGCTC 

CTCCCCTGGCGGCGCCTCCTTCTACCACTGGGGTGCTGCTGTACCACACAGCCAAGGG 

GATGCTCTGTGCAGACACATGTGCCGGGCCATTGGCGAGAGCTTCATCATGAAGCGTG 

GAGACAGCTTCCTCGATGGGACCCGGTGTATGCCAAGTGGCCCCCGGGAGGACGGGA 

CCCTGAGCCTGTGTGTGTCGGGCAGCTGCAGGACATTTGGCTGTGATGGTAGGATGGA 

CTCCCAGCAGGTATGGGACAGGTGCCAGGTGTGTGGTGGGGACAACAGCACGTGCAGC 

CCACGGAAGGGCTCTTTCACAGCTGGCAGAGCGAGAGAATATGTCACGTTTCTGACAGT 

TACCCCCAACCTGACCAGTGTCTACATTGCCAACCACAGGCCTCTCTTCACACACTTGG 

CGGTGAGGATCGGAGGGCGCTATGTCGTGGCTGGGAAGATGAGCATCTCCCCTAACAC 

CACCTACCCCTCCCTCCTGGAGGATGGTCGTGTCGAGTACAGAGTGGCCCTCACCGAG 
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GACCGGCTGCCCCGCCTGGAGGAGATCCGCATCTGGGGACCCCTCCAGGAAGATGCT 

GACATCCAGGTTTACAGGCGGTATGGCGAGGAGTATGGCAACCTCACCCGCCCAGACA 

TCACCTTCACCTACTTCCAGCCTAAGCCACGGCAGGCCTGGGTGTGGGCCGCTGTGCG 

TGGGCCCTGCTCGGTGAGCTGTGGGGCAGGGCTGCGCTGGGTAAACTACAGCTGCCTG 

GACCAGGCCAGGAAGGAGTTGGTGGAGACTGTCCAGTGCCAAGGGAGCCAGCAGCCA 

CCAGCGTGGCCAGAGGCCTGCGTGCTCGAACCCTGCCCTCCCTACTGGGCGGTGGGA 

GACTTCGGCCCATGCAGCGCCTCCTGTGGGGGTGGCCTGCGGGAGCGGCCAGTGCGC 

TGCGTGGAGGCCCAGGGCAGCCTCCTGAAGACATTGCCCCCAGCCCGGTGCAGAGCA 

GGGGCCCAGCAGCCAGCTGTGGCGCTGGAAACCTGCAACCCCCAGCCCTGCCCTGCC 

AGGTGGGAGGTGTCAGAGCCCAGCTCATGCACATCAGCTGGTGGAGCAGGCCTGGCCT 

TGGAGAACGAGACCTGTGTGCCAGGGGCAGATGGCCTGGAGGCTCCAGTGACTGAGG 

GGCCTGGCTCCGTAGATGAGAAGCTGCCTGCCCCTGAGCCCTGTGTCGGGATGTCATG 

TCCTCCAGGCTGGGGCCATCTGGATGCCACCTCTGCAGGGGAGAAGGCTCCCTCCCCA 

TGGGGCAGCATCAGGACGGGGGCTCAAGCTGCACACGTGTGGACCCCTGCGGCAGGG 

TCGTGCTCCGTCTCCTGCGGGCGAGGTCTGATGGAGCTGCGTTTCCTGTGCATGGACT 

CTGCCCTCAGGGTGCCTGTCCAGGAAGAGCTGTGTGGCCTGGCAAGCAAGCCTGGGAG 

CCGGCGGGAGGTCTGCCAGGCTGTCCCGTGCCCTGCTCGGTGGCAGTACAAGCTGGC 

GGCCTGCAGCGTGAGCTGTGGGAGAGGGGTCGTGCGGAGGATCCTGTATTGTGCCCG 

GGCCCATGGGGAGGACGATGGTGAGGAGATCCTGTTGGACACCCAGTGCCAGGGGCT 

GCCTCGCCCGGAACCCCAGGAGGCCTGCAGCCTGGAGCCCTGCCCACCTAGGTGGAA 

AGTCATGTCCCTTGGCCCATGTTCGGCCAGCTGTGGCCTTGGCACTGCTAGACGCTCG 

GTGGCCTGTGTGCAGCTCGACCAAGGCCAGGACGTGGAGGTGGACGAGGCGGCCTGT 

GCGGCGCTGGTGCGGCCCGAGGCCAGTGTCCCCTGTCTCATTGCCGACTGCACCTACC 

GCTGGCATGTTGGCACCTGGATGGAGTGCTCTGTTTCCTGTGGGGATGGCATCCAGCG 

CCGGCGTGACACCTGCCTCGGACCCCAGGCCCAGGCGCCTGTGCCAGCTGATTTCTGC 

CAGCACTTGCCCAAGCCGGTGACTGTGCGTGGCTGCTGGGCTGGGCCCTGTGTGGGAC 

AGGGTACGCCCAGCCTGGTGCCCCACGAAGAAGCCGCTGCTCCAGGACGGACCACAG 

CCACCCCTGCTGGTGCCTGTGGCAGGCAGCACCTTGAGCCAACAGGAACCATTGACAT 

GCGAGGCCCAGGGCAGGCAGACTGTGCAGTGGCCATTGGGCGGCCCCTCGGGGAGGT 

GGTGACCCTCCGCGTCCTTGAGAGTTCTCTCAACTGCAGTGCGGGGGACATGTTGCTG 

CTTTGGGGCCGGCTCACCTGGAGGAAGATGTGCAGGAAGCTGTTGGACATGACTTTCA 

GCTCCAAGACCAACACGCTGGTGGTGAGGCAGCGCTGCGGGCGGCCAGGAGGTGGGG 

TGCTGCTGCGGTATGGGAGCCAGCTTGCTCCTGAAACCTTCTACAGAGAATGTGACATG 

CAGCTCTTTGGGCCCTGGGGTGAAATCGTGAGCCCCTCGCTGAGTCCAGCCACGAGTA 

ATGCAGGGGGCTGCCGGCTCTTCATTAATGTGGCTCCGCACGCACGGATTGCCATCCAT 

GCCCTGGCCACCAACATGGGCGCTGGGACCGAGGGAGCCAATGCCAGCTACATCTTGA 

TCCGGGACACCCACAGCTTGAGGACCACAGCGTTCCATGGGCAGCAGGTGCTCTACTG 
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GGAGTCAGAGAGCAGCCAGGCTGAGATGGAGTTCAGCGAGGGCTTCCTGAAGGCTCAG 
GCCAGCCTGCGGGGCCAGTACTGGACCCTCCAATCATGGGTACCGGAGATGCAGGACC 
CTCAGTCCTGGAAGGGAAAGGAAGGAACC 
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FIG. 2 



PGRPTRPKAPSHSAPLLGLALLRMHQRHPRARCPPLCVAGILACGFLLGCWGPSHFQQSCL 

QALEPQAVSSYLSPGAPLKGRPPSPGFQRQRQRQRRAAGGILHLELLVAVGPDVFQAHQED 

TERYVLTNLNIGAELLRDPSLGAQFRVHLVKMVILTEPEGAPNITANLTSSLLSVCGWSQTINP 

EDDTDPGHADLVLYITRFDLELPDGNRQVRGVTQLGGACSPTWSCLJTEDTGFDLGVTIAHEl 

GHSFGLEHOGAPGSGCGPSGHVMASDGAAPRAGLAWSPCSRRQLLSLLSAGRARCVWDP 

PRPQPGSAGHPPDAQPGLYYSANEQCRVAFGPKAVACTFAREHLDMCQALSCHTDPLDQS 

SCSRLLVPLLDGTECGVEKWCSKGRCRSLVELTPIAAVHGRWSSWGPRSPCSRSCGGGW 

TRRRQCNNPRPAFGGRACVGADLQAEMCNTQACEKTQLEFMSQQCARTDGQPLRSSPGG 

ASFYHWGAAVPHSQGDALCRHMCRAIGESFIMKRGDSFLDGTRCMPSGPREDGTLSLCVS 

GSCRTFGCDGRMDSOQNA/VDRCQVCGGDNSTCSPRKGSFTAGRAREYVTFLTVTPNLTSV 

YIANHRPLFTHLAVRIGGRYWAGKMSISPNTTYPSLLEDGRVEYRVALTEDRLPRLEEIRIWG 

PLQEDADIQWRRYGEEYGNLTRPDITFTYFQPKPRQAVVVWAAVRGPCSVSCGAGLRVVVN 

YSCLDQARKELVETVQCQGSQQPPAWPEACVLEPCPPYWAVGDFGPCSASCGGGLRERP 

VRCVEAQGSLLKTLPPARCRAGAQQPAVALETCNPQPCPARWEVSEPSSCTSAGGAGLAL 

ENETCVPGADGLEAPVTEGPGSVDEKLPAPEPCVGMSCPPGWGHLDATSAGEKAPSPWG 

SIRTGAQAAHVWTPAAGSCSVSCGRGLMELRFLCMDSALRVPVQEELCGLASKPGSRREV 

CQAVPCPARWQYKLAACSVSCGRGWRRlLYCARAHGEDDGEEtLLDTQCQGLPRPEPQE 

ACSLEPCPPRWKVMSLGPCSASCGLGTARRSVACVQLDQGQDVEVDEAACAALVRPEASV 

PCLIADCTYRWHVGTWMECSVSCGDGIQRRRDTCLGPQAQAPVPADFCQHLPKPVTVRGC 

WAGPCVGQGTPSLVPHEEAAAPGRTTATPAGACGRQHLEPTGTIDMRGPGQADCAVAIGR 

PLGEWTLRVLESSLNCSAGDMLLLWGRLTWRKMCRKLLDMTFSSKTNTLWRQRCGRPG 

GGVLLRYGSGLAPETFYRECDMQLFGPWGEIVSPSLSPATSNAGGCRLF/NVAPHARIAIHAL 

ATNMGAGTEGANASYILIRDTHSLRTTAFHGQQVLYWESESSQAEMEFSEGFLKAQASLRG 

QYWTLQSWVPEMQDPQSWKGKEGT 
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Figure 3 

Domain structure of ADAMTS-M and translated nucleic acid sequence. A) Diagram of ADAMTS-M showing 
the following domains and signature motifs (with amino acid numbers in parentheses): partial prodomain ( I -97), 
furin cleavage site (94-97), meialloproteinase domain (98-31 1), zinc-binding motif (247-272), disintegrin domain 
(324-394), thrombospondin submotifs (4 10-473 and 1 099- 1 1 56), and a heparin-binding motif (4 ! 9-424). B) 
ADAMTS-M nucleotide sequence with translated amino acid sequence above. 

A Thrombospondin 

Heparin-binding , | 
Disintegrin 
Zinc-binding 
MetaUoproteinase 
Furin Cleavage Site 
Partial 

I 



B 



ADAMTS-M 

"1416 



f Thrombospondin 

=□ 



-H P G R P TRP RAP S H S A PLL GLA LLRM HQR 

Partial Prodomain 

25 CCGGGTCGAC CCACGCGTCC GAAGGCCCCC TCTCACTCCG CTCCACTCCT CGGGCTGGCT CTCCTGAGGA TGCACCAGCG 
GGCCCAGCTG GGTGCGCAGG CTTCCGGGGG AGAGTGAGGC GAGGTGAGGA GCCCGACCGA GAGGACTCCT ACGTGGTCGC 

+ 1 HPR ARCP PLC VAG ILAC G F L LGC WGP 

Partial Prodomain 



105 TCACCCCCGG .GCAAGATGCC CTCCCCTCTG TGTGCCCGGA ATCCTTGCCT GTGGCTTTCT CCTGGGCTGC TGGGGACCCT 
AGTGGGGGCC CGTTCTACGG GAGGGGAGAC ACACCGGCCT TAGGAACGGA CACCGAAAGA GGACCCGACG ACCCCTGGGA 

tlSHFQ 0 S C L Q A L E P Q AVS SYLS PGA P L K 
Partial Prodomain 



185 CCCATTTCCA GCAGAGTTGT CTTCAGGCTT TGGAGCCACA GGCCGTGTCT TCTTACTTGA GCCCTGGTGC TCCCTTAAAA 
GGGTAAAGGT CGTCTCAACA GAAGTCCCAA ACCTCGCTGT CCGGCACAGA AGAATGAACT CGGGACCACG AGGGAATTTT 

♦ 1GRPP SPG.FQR QRQR QRR A A G G I L H LEL 

Furin Cleavage Site IMOtif) 

Partial Prodomain MetaUoproteinase Domain 



265 GGCCGCCCTC CTTCCCCTCG CTTCCAGAGG. CAGAGGCAGA GGCAGACGCG GGCTGCAGGC GGCATCCTAC ACCTGGAGCT 
CCGGCGGGAG GAAGGGGACC GAAGGTCTCC GTCTCCGTCT CCCTCTCCGC CCCACGTCCG CCGTAGGATG TGGACCTCGA 

+ 1 L V A VGPD VFO A H Q EOTE RYV.LTN LNI 

MetaUoproteinase Domain 



345 GCTGGTGGCC GTGGGCCCCG ATGTCTTCCA GGCTCACCAG GAGGACACAG AGCGCTATGT GC/TCACCAAC CTCAACATCG 
CGACCACCGG CACCCGGGGC TACAGAAGGT CCGAGTGGTC CTCCTGTGTC TCGCGATACA CGAGTGGTTG GAGTTGTAGC 
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♦ 1 G A E L LRD PSLG A Q F RVH L V K M VII T I ? 

Metalloproteinase Domain 

425 GCGCAGAACT GCTTCGGGAC CCGTCCCTGG GGGCTCAGTT TCGGGTGCAC CTGGTGAAGA TGGTCATTCT GACAGAGCCT 
CCCGTCT7GA CGAAGCCCTG GGCAGGCACC CCCGAGTCAA AGCCCACGTG GACCACTTCT ACCAGTAAGA CTCTCTCCGA 

+ 1EGAP NIT A N L TSSL LSV CG-W S Q T 3 N P E 

Metalloproteinase Domain 

505 GAGGGTGCTC CAAATATCAC AGCCAACCTC ACCTCGTCCC TGCTCAGCGT CTGTGGGTGG AGCCAGACCA TCAACCCTGA 
CTCCCACGAG GTTTATAGTG TCGGTTGGAG TGGAGCAGGG ACGACTCGCA GACACCCACC TCGGTCTGGT AGTTGGGACT 

+ 1 DDT DPGH ADL V L Y I T R F DLE LPD G N A 

Metalloproteinase Domain 



585 GGACGACACG GATCCTGGCC ATGCTGACCT GGTCCTCTAT ATCACTAGGT TTGACCTGGA GTTGCCTGAT GGTAACCGGC 

CCTGCTGTGC CTAGGACCGG TACGACTGGA CCAGGAGATA TAGTGATCCA AACTGGACCT CAACGGACTA CCATTGGCCG 

+ 1QVRG VTQ LGGA CSP TWS CLIT EOT GFD 
Metalloproteinase Domain 

665 AGGTGCGGGG CGTCACCCAG CTGGGCGGTG CCTGCTCCCC AACCTGGAGC TGCCTCATTA CCGAGGACAC TGGCTTCGAC 

TCCACGCCCC GCAGTGGGTC GACCCGCCAC GGACGAGGGG TTGGACCTCG ACGGAGTAAT CGCTCCTCTG ACCGAAGCTG 

.+1LGVT IAH EIG HSFG LEH DGA PGSG CGP 

Zinc-binding Motif 



Metalloproteinase Domain 

■?45 CTGGGAGTCA CCATTGCCCA TGAGATTGGG CACAGCTTCG GCCTGGAGCA CGACGGCGCG CCCGGCAGCG GCTGCGGCCC 
GACCCTCAGT GGTAACGGGT ACTCTAACCC GTGTCGAAGC CGGACCTCGT GCTGCCGCGC CGGCCGTCGC CGACGCCGGG 

+ 1 SGH VMAS DGA APR AGLA WSP CSR R Q L 

Zinc-binding Motif 

Metalloproteinase Domain 

825 CAGCGGACAC GTGATGGCTT CGGACGGCGC CGCGCCCCGC GCCGGCCTCG CCTGGTCCCC CTGCAGCCGC CGGCAGCTGC 
GTCGCCTGTG CACTACCGAA GCCTGCCGCG GCGCGGGGCG CGGCCGGAGC GGACCAGGGG GACGTCGGCG GCCGTCGACG 

+ 1LSI.L SAG RARC VWD PPR P 0 P G SAG H- P F 
Metalloproteinase Domain 



905 TGAGCCTGCT CAGCGCAGGA CGGGCGCGCT GCGTGTGGGA CCCGCCGCGG CCTCAACCCG GGTCCGCGGG GCACCCGCCG 
ACTCGGACGA GTCGCGTCCT GCCCGCGCGA- CGCACACCCT GGGCGGCGCC GCAGTTGGGC CCAGGCGCCC CGTGGGCGGC 

+ 1DAQP G L Y YSA NEQC R V A FGP K A V A CTF 

Disintegrin Oomain 



99 5 GATGCGCAGC CTGGCCTCTA CTACAGCGCC AACGAGCAGT GCCGCGTGGC CTTCGGCCCC AAGGCTGTCG CCTGCACCTT 
CTACGCGTCG GACCGGAGAT GATGTCGCGG TTGCTCGTCA CGGCGCACCG GAAGCCGGGG TTCCGACAGC GGACGTGGAA 
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+ 1 AB E HLDM C 0 A LSC HTDP LDQ SSC S R L 

Disintegrin Domain 



1065 CGCCASGGAG CACCTGGATA TGTGCCAGGC CCTCTCCTGC CACACAGACC CGCTGGACCA AAGCAGCTGC AGCCGCCTCC 
GCGGTCCCTC GTGGACCTAT ACACGGTCCG CGAGAGCACG GTGTGTCTGC GCGACCTGGT TTCGTCGACG TCCGCCCAGG 

♦ 1LVPL I.OG T E C G VEK WCS KGRC RSL VEL 
Disintegrin Domain 



1145 TCGTTCCTCT CCTGGATGGG ACAGAATGTG GCGTGGAGAA GTGGTGCTCC AAGGGTCGCT GCCGCTCCCT GGTGGAGCTG 
AGCAAGGAGA GGACCTACCC TGTCTTACAC CGCACCTCTT CACCACGAGG TTCCCAGCGA CGGCGAGGGA CCACCTCGAC 

+ 1TPIA A V H G R W SSWG P R S PCS RSCG GGV 

Heparin-binding Mctif 



rhrombospondin Subrcotif 

ao««.«»on<!2liooc = conn»aoBCCQ.= =«ailc.aaBaOB»«a3 = aao»ana=no=c 

1225 ACCCCCATAG CAGCAGTGCA TGGGCGCTGG TCTAGCTGGG GTCCCCGAAG TCCTTGCTCC CGCTCCTGCG GAGGAGGTG? 
TGGGGGTATC GTCGTCACGT ACCCGCGACC AGATCGACCC CAGGGGCTTC AGGAACGAGG GCGAGGACGC CTCCTCCACA 

+ 1 VTR-RRQC NNP RPA FGGR ACV GAD L Q A 

Throroboapcndin Submotif ' 

1305 GGTCACCAGG AGGCGGCAGT GCAACAACCC CAGACCTGCC TTTGGGGGGC GTGCATGTGt' TGGTGCTGAC CTCCAGGCCG 
CCAGTGGTCC TCCGCCGTCA CGTTGTTGGG GTCTGGACGG AAACCCCCCG CACGTACACA ACCACGACTG GAGGTCCGGC 

+ 1EMCN TQA CEKT QLE FHS QQCA R T D GQP 
Thrombospondin Submotif 

1385 AGATGTGCAA CACTCAGGCC TGCGAGAAGA CCCAGCTGGA GTTCATGTCG CAACAGTGCG CCAGGACCGA CGGCCAGCCG 
TCTACACGTT GTGAGTCCGG ACGCTCTTCT GGGTCGACCT CAAGTACAGC GTTGTCACGC GGTCCTGGCT GCCGGTCGGC 

+ 1LRSS PGG ASF YHWG AAV PHS QGDA LCR 
1465 CTGCGCTCCT CCCCTGGCGG CGCCTCCTTC TACCACTGGG GTGCTGCTGT ACCACACAGC CAAGGGGATG CTCTGTGCAG 
GACGCGAGGA GGGGACCGCC GCGGAGGAAG ATGGTGACCC CACGACGACA TGGT6TGTCG GTTCCCCTAC GAGACACGTC 

+ 1 HMC RAIG EST IMK RGDS F L D GTR CMP 
1545 ACACATGTGC CGGGCCATTG GCGAGAGCTT CATCATGAAG CGTGGAGACA GCTTCCTCGA TGGGACCCGG TGTATGCCAA 
TGTGTACACG GCCCGGTAAC CGCTCTCGAA GTAGTACTTC GCACCTCTGT CGAAGGAGCT ACCCTGGGCC ACATACGGTT 

+ 1SGPR EDG TLSL CVS GSC RTFG CDG RMD 
1625 GTGGCCCCCG GGAGGACGGG ACCCTGAGCC TGTGTGTGTC GGGCAGCTGC AGGACATTTG GCTGTGATGG TAGGATGGAC 
CACCGGGG6C CCTCCTGCCC TGGGACTCGG ACACACACAG CCCGTCGACG TCCTGTAAAC CGACACTACC ATCCTACCTG 

+ 1SQQV WDR CQV.CGGD NST CSP RKGS FTA 
1705 TCCCAGCAGG TATGGGACAG GTGCCAGGTG TGTGGTGGGG ACAACAGCAC GTGCAGCCCA CGGAAGGGCT CTTTCACAGC 
AGGGTCGTCC ATACCCTGTC CACGGTCCAC ACACCACCCC TGTTGTCGTG CACGTCGGGT GCCTTCCCGA GAAAGTGTCG 

♦ 1 GRA REYV TFL TVT PNLT SVY IAN HRP 
178 5 TGGCAGAGCG AGAGAATATG TCACGTTTCT GACAGTTACC CCCAACCTGA CCAGTGTCTA CATTGCCAAC CACAGGCCTC 
ACCGTCTCGC TCTCTTATAC AGTGCAAAGA CTGTCAATGG GGGTTGGACT GGTCACAGAT GTAACGGTTG GTGTCCGGAG 
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+ 1LFTH LAV RIGG R Y V V A G KMSI SPN TTY 
1865 TCTTCACACA CTTGGCGGTG AGGATCGGAG GGCGCTATGT CGTGGCTGGG AAGATGAGCA TCTCCCCTAA CACCACCTAC 
AGAAGTGTGT GAACCGCCAC TCCTAGCCTC CCGCGATACA GCACCGACCC TTCTACTCGT . AGAGGGGATT GTGGTGGATG 

+ 1 P S L L EDG RVE Y R . V A L T E D R L P R L E E I R 
1945 CCCTCCCTCC TGGAGGATGG TCGTGTCGAG TACAGAGTGG CCCTCACCGA GGACCGGCTG CCCCGCCTGG AGGAGATCCG 
GGGAGGGAGG ACCTCCTACC AGCACAGCTC ATGTCTCACC GGGAGTGGCT CCTGGCCGAC GGGGCGGACC TCCTCTAGGC 

+ 1 IWG PLOE DAD IQV Y R R Y GEE YGN LTR 
2025 CATCTGGGGA CCCCTCCAGG AAGATGCTGA CATCCAGGTT' TACAGGCGGT ATGGCGAGGA GTATGGCAAC CTCACCCGCC 
GTAGACCCCT GGGGAGGTCC TTCTACGACT GTAGGTCCAA ATGTCCGCCA TACCGCTCCT CATACCGTTG GAGTGGGCGG 

+ 1PDIT F T Y FQPK PRO AWV WAAV RGP CSV 
2105 CAGACATCAC CTTCACCTAC TTCCAGCCTA AGCCACGGCA GGCCTGGGTG TGGGCCGCTG TGCGTGGGCC CTGCTCGGTG 
GTCTGTAGTG GAAGTGGATG AAGGTCGGAT TCGGTGCCGT CCGGACCCAC ACCCGGCGAC ACGCACCCGG GACGAGCCAC 

+ 1SCGA GLR WVN Y S C L D Q A RKE L V E T VQC 
2185 AGCTGTGGGG CAGGGCTGCG CTGGGTAAAC TACAGCTGCC TGGACCAGGC CAGGAAGGAG TTGGTGGAGA CTGTCCAGTG 
TCGACACCCC GTCCCGACGC GACCCATTTG ATGTCGACGG ACCTGGTCCG GTCCTTCCTC AACCACCTCT GACAGGTCAC 

+ 1 QGS QQPP AW> EAC VLEP CPP YWA VGO 
2265 CCAAGGGAGC CAGCAGCCAC CAGCGTGGCC AGAGGCCTGC GTGCTCGAAC CCTGCCCTCC CTACTGGGCG GTGGGAGACT 
GGTTCCCTCG GTCGTCGG7G GTCGCACCGG TCTCCGGACG CACGAGCTTG GGACGGGAGG GATGACCCGC CACCCTCTGA 

+ 1FGPC S.AS CGGG LRE RPV RCVE AQG SLL 
234 5 TCGGCCCATG CAGCGCCTCC TGTGGGGGTG GCCTGCGGGA CCGGCCAGTG CGCTGCGTGG AGGCCCAGGG CAGCCTCCTG 
AGCCGGGTAC GTCGCGGAGG ACACCGCCAC CGGACGCCCT CGCCGGTCAC GCGACGCACC TCCGGGTCCC GTCGGAGGAC 

+ 1KTLP PAR CRA GAQQ P A V ALE TCNP QPC 
2425 AAGACATTGC CCCCAGCCCG GTGCAGAGCA GGGGCCCAGC AGCCAGCTGT GGCGCTGGAA ACC7GCAACC CCCAGCCCTG 
TTCTGTAACG GGGGTCGGGC CACGTCTCGT CCCCGGGTCG TCGGTCGACA CCGCGACCTT TGGACGTTGG GGGTCGGGAC 

+ 1 PAR WEVS EPS SCT SAGG AGL ALE NET 
2505 CCCTGCCAGG TGGGAGGTGT CAGAGCCCAG CTCATGCACA TCAGCTGGTG GAGCAGGCCT GGCCTTGGAG AACGAGACCT 
GGGACGGTCC ACCCTCCACA GTCTCGGGTC GAGTACGTGT AGTCGACCAC CTCGTCCGGA CCGGAACCTC TTGCTCTGGA 

+ 1CVPG ADG.LEAP VTE GPG SVDE KLP APE 
2585 GTGTGCCAGG GGCAGATGGC CTGGAGGCTC CAGTGACTGA GGGGCCTGGC TCCGTAGATG AGAAGCTGCC TGCCCCTGAG 
CACACGGTCC CCGTCTACCG GACCTCCGAG CTCACTGACT CCCCGGACCG AGGCATCTAC TCTTCGACGG ACGGGGACTC 

+ 1PCVG MSC PPG WGHL DAT SAG EKAP SPW 
2665 CCCTGTGTCG GGATGTCATG TCCTCCAGGC TGGGGCCATC TGGATGCCAC CTCTGCAGGG GAGAAGGCTC CCTCCCCATG 
GGGACACAGC CCTACAGTAC AGGAGGTCCG ACCCCGGTAG ACCTACGGTG GAGACGTCCC CTCTTCCGAG GGAGGGGTAC 

+ 1 GSI RTGA QAA. HVW TPAA GSC SVS CGR 
274 5 GGGCAGCATC AGGACGCGGG CTCAAGCTGC ACACGTGTGG ACCCCTGCGG CAGGGTCGTG CTCCGTCTCC TGCGGCCGAG 
CCCGTCGTAG TCCTGCCCCC GAGTTCGACG TGTGCACACC TGGGGACGCC GTCCCAGCAC GAGGCAGAGG ACGCCCGCTC 

+ 1GLME LRF LCMD SAL RVP VQEE LCG LAS 
2825 GTCTGATGGA GCTGCGTTTC CTGTGCATGG ACTCTCCCCT CAGGGTGCCT GTCCAGGAAG AGCTGTGTGG CCTGGCAACC 
CAGACTACCT CGACGCAAAG GACACGTACC TGAGACGGGA GTCCCACGGA CAGGTCCTTC TCGACACACC GGACCGTTCG 
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♦ 1KPGS RRE VCQ A V P C PAR V Q Y K L A A CSV 
2 90S AAGCCTGGGA GCCGGCGGGA GGTCTGCCAG GCTGTCCCGT GCCCTGCTCG GTGGCAGTAC AAGCTGGCGG CCTGCAGCGT 
TTCGGACCCT CGGCCGCCCT CCAGACGGTC CGACAGGGCA CGGGACGAGC CACCGTCATC TTCGACCGCC GGACGTCGCA 

+ 1 SCG RGVV R R I LYC ARAH GED OGE EIL 
2985 GAGCTGTGGG A3AGGGGTCG TGCGGAGGAT CCTGTATTGT GCCCGGGCCC ATGGGGAGGA CGATGGTGAG GAGATCCTGT 
CTCGACACCC TCTCCCCAGC ACGCCTCCTA GGACATAACA CGGGCCCGGG TACCCCTCCT GCTACCACTC CTCTAGGACA 

+ 1LDTQ CQG LPRP EPO EAC.SLEP CPP RWK 
3065 TGGACACCCA GTGCCAGGGG CTGCCTCGCC CGGAACCCCA GGAGGCCTGC AGCCTGGAGC CCTCCCCACC TAGGTGGAAA 
ACCTGTGGGT CACGGTCCCC GACGGAGCGG GCCTTGGGGT CCTCCGGACG TCGGACCTCG GGACGGGTGG ATCCACCTTT 

+ 1VMSL GPC SAS CGLG TAR RSV ACVQ L D Q 
314 5 GTCATGTCCC TTGGCCCATG TTCGGCCAGC TGTGGCCTTG GCACTGCTAG ACGCTCGGTG GCCTGTGTGC AGCTCGACCA 
CAGTACAGGG AACCGGGTAC AAGCCGGTCG ACACCGGAAC CGTGACGATC TGCGAGCCAC CGGACACACG TCGAGCTGGT 

+ 1 GQD VEVD E A A C A A i, V R P EAS VPC L I A 
3225 AGGCCAGGAC GTGGAGGTGG ACGAGGCGGC CTGTGCGGCG CTGGTGCGGC CCGAGGCCAG TGTCCCCTGT CTCATTGCCG 
TCCGGTCCTG CACCTCCACC TGC7CCGCCG GACACGCCGC GACCACGCCG GGCTCCGGTC ACAGGGGACA GAGTAACGGC 

+ 1DCTY RWH VGTW MEC SVS CGDG IQR RRD 

Throftbospondin Submotif 



3305 ACTGCACCTA CCGCTGGCAT GTTGGCACCT GGATGGAGTG CTCTGTTTCC TGTGGGGATG GCATCCAGCG CCGGCGTGAC 
TGACGTGGAT GGCGACCGTA CAACCCTGGA CCTACCTCAC GAGACAAAGG ACACCCCTAC CGTAGGTCGC GGCCGCACTG 

+ ITCLG PQA QAP VPAD FCQ HLP KPVT VRG 
Throraboapondin Submotif 



338 5 ACCTGCCTCG GACCCCAGGC CCAGGCGCCT GTGCCAGCTG ATTTCTGCCA GCACTTGCCC AAGCCGGTGA CTGTGCGTGG 
TCGACGGAGC CTGGGGTCCG GGTCCGCGGA CACGGTCGAC TAAAGACGGT CGTGAACGGG TTCGGCCACT GACACGCACC 

+ 1 CWA GPCV GQG TPS LVPH EEA A A P GRT 
Thrombospondin Submotif 



34 65 CTGCTGGGCT GGGCCCTGTG TGGGACAGGG TACGCCCAGC CTGGTGCCCC ACGAAGAAGC CGCTGCTCCA GGACGGACCA 
GACGACCCGA CCCGGGACAC ACCCTGTCCC ATGCGGGTCG GACCACGGGG TGCTTCTTCG GCGACGAGGT CCTGCCTGGT 

+ 1TATP A G A CGRQ HIE PTG TIDM RGP GQA 
354 5 CAGCCACCCC TGCTGGTGCC TGTGGCAGGC AGCACCTTGA GCCAACAGGA ACCATTGACA TGCGAGGCCC AGGGCAGCCA 
GTCGGTGGGG ACGACCACGG ACACCGTCCG TCGTGGAACT CGGTTGTCCT TGGTAACTGT ACGCTCCGGG TCCCCTCCGT 

+ 1DCAV A I G P. PL GE VV TLR VLE SSLN CSA 
3625 GACTGTGCAG TGGCCATTGG GCGGCCCCTC GGGGAGGTGG TGACCCTCCG CGTCCTTGAG AGTTCTCTCA ACTGCAGTGC 
CTGACACGTC ACCGGTAACC CGCCGGGGAG CCCCTCCACC ACTGGGAGGC GCAGGAACTC TCAAGAGAGT TGACGTCACG 

+ 1 GDN LLLW GRL T WR KMCR KLL DMT FSS 
3705 GGGGGACATG TTGCTGCTTT GGGGCCGGCT CACCTGGAGG AAGATGTGCA GGAAGCTGTT GGACATGACT TTCAGCTCCA 
CCCCCTGTAC AACGACGAAA CCCCGGCCGA GTGGACCTCC TTCTACACGT CCTTCGACAA CCTGTACTGA AAGTCGAGGT 

+ 1KTNT LVV RQRC GRP GGG VLLR YGS QLA 
37 B5 AGACCAACAC GCTGGTGGTG AGGCAGCGCT GCGGGCGGCC AGGAGGTGGG GTGCTGCTGC GGTATGGGAG CCAGCTTGCT 
TCTGGTTGTG CGACCACCAC TCCGTCGCGA CGCCCGCCGG TCCTCCACCC CACGACGACG CCATACCCTC GGTCGAACGA 
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+ 1PET-F Y R E COM QLFG PWG EIV SPSL SPA 
38 65 CCTGAAACCT TCTACAGAGA ATGTGACATG CAGCTCTTTG GGCCCTGGGG TGAAATCGTG AGCCCCTCGC' TGAGTCCAGC 
GGACTTTGGA AGATGTCTCT TACACTGTAC GTCGAGAAAC CCGGGACCCC ACTT7AGCAC TCGGGGAGCG ACTCAGGTCG 

*1 TSN AG GC R L F INV APHA R t A I H A L A T 
394 5 CACGAGTAAT GCAGGGGGCT GCCGGCTCTT CATTAATGTG GCTCCGCACG CACGGATTGC CATCCATGCC CTGGCCACCA 
GTGCTCATTA CCTCCCCCGA CGGCCGAGAA GTAATTACAC CGAGGCGTGC GTGCCTAACG GTAGG7ACGG GACCGGTGGT 

tINMGA GTE GANA SYI LIR DTHS LRT TAF 
4025 ACATGGGCGC TGGGACCGAG GGAGCCAATG CCAGCTACAT CTTGATCCGG GACACCCACA GCTTGAGGAC CACAGCGTTC 
TGTACCCGCG ACCCTGGCTC CCTCGGTTAC GGTCGATGTA GAACTAGGCC CTGTGGGTGT CGAACTCCT3 GTGTCGCAAG 

+ 1 H C Q Q V L V WES ESSQ AEM EFS EGFL K A Q 
4105 CATGGGCAGC AGGTGCTCTA CTGGGAGTCA GAGAGCAGCC AGGCTGAGAT GGAGTTCAGC GAGGGCTTCC TGAAGGCTCA 
GTACCCGTCG TCCACCAGAT GACCCTCAGT CTCTCGTCGG TCCGACTCTA CCTCAAGTCG CTCCCGAAGG ACTTCCGAGT 

♦ 1 ASL RGQY WTL QSW VPEM QOP QSW KGK 
4185 GGCCAGCCTG CGGGGCCAGT ACTGGACCCT CCAATCATGG GTACCGGAGA TGCAGGACCC TCAGTCCTGG AAGGGAAAGG 
CCGGTCGGAC GCCCCGGTCA TGACCTGGGA GCTTAGTACC CATGGCCTCT ACGTCCTGGG AGTCAGGACC TTCCCTTTCC 

+ 1 E G T 
4 2 65 AAGGAACC 
TTCCTTGG 
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